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In the first part of this work will be found all the most 
ki approved elementary or simple parts of mechanism that the 

ingenuity of man has suggested, in the past and present 
vage, for multiplying power — for increasing and diminishing 
[ ^speed — for changing the direction of motion — for producing 
I straight from CTirvilinear motions, and vice versd — also irre- 
L gular from regular motions, and vice versd. The several 
^vsubjects are accompanied by the methods of calculating and 

comparing the powers, velocities, &c., of the different parts 
$ of each' combination. The fundamental principles of these 

■9 methods are derived from Baker^s Principles and Practice 

it 

^ of Statics and Dynamics in Mr. Weale's Series, with ex- 
amples wrought out by common arithmetic; so that they 
may be understood without a knowledge of the higher 
branches of the mathematics. The more abstruse parts of 
the theory of variable motion are taken from Professor 
Willises Mechanism (by the Professor's kind permission) : 
to which great work, and to Buchanan's work on the 
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yi INTRODUCTION. 

same subject,* I am indebted for the greater part of the 
elementary forms of mecbanism, wbicb are duly acknow- 
ledged in the course of tbe work. 

In this part of tbe work, besides tbe elementary combi- 
nations, several complete macbines, of tbe more simple 
kinds, are also described, eitber witb or witbout reference 
to tbeir specific purposes. 

Tbe engraving to Articles 9, 10, 12, 13, 22, 27, 30, 46, 
58, 72, 73, 74, 75, 76, 83, 95, 120, 122, 127, and 141, and, in 
a few cases, a part of tbeir accompanying descriptions, are 
taken from Tomlinson's Mechanics in tbe Series. 

Tbe second part treats generally of macbines, and parts of 
macbines, designed for specific purposes ; a great many of 
wbicb are of a novel and ingenious cbaracter, and made a 
conspicuous part in tbe mecbanical department of tbe Great 
Exhibition of 1851. 

Tbe first part is divided into eigbt, and tbe second part 
into ten, chapters ; of each of which it will be proper to say 
a little. « 

PART I. 

In Chapter I. of this part are given, tbe definitions 
and fundamental principles of calculation, adapted to 
machinery. 

* Buchanan on -Mill Work and on Machinery and Tools, edited bj 
Qeorge Bennie, F.R.S. Text in 8yo, and Plates in folio. 
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INTEODTJCTION. vii 

Chapter II. treats of the lever, link-work, cranks, and 
several of their combinations. 

Chapter m. embraces the various combinations of wheel- 
work ; the arrangement of the teeth of wheels ; with the 
ingenious and expeditious method of forming the flanks of 
the teeth by the Odontography invented by Trofeaor WiUis. 

Chapter IV. treats of the forms of gudgeons, couplings of 
axles, contrivances for the engagement and disengagement 
of machinery, &c. &c. The nature and theory of the pulley, 
and motion by means of wrapping connectors, as cords, 
straps, chains, <fec., conclude this subject. 

Chapter V. includes the most approved specimens of 
variable motion by the rolling contact of wheels. 

In Chapter VI. various methods of producing intermittent 
and reciprocating motion are given. 

Chapter VII. treats of the inclined plane, the screw, 
the wedge, and the camb, with several of their combi- 
nations. , 

In Chapter VIII. the arrangements of the escapements 
of clocks and watches, and the nature of the pendulum, are 
explained. 

PAET II. 

In Chapter I. of this part the most approved regulators 
and accumulators of motion are described. 
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viii INTRODUCTION. 

In Chapter II. are described rarious arrangements of 
mecbanism for modifjiDg motion, as to cbange a continuous 
reciprocating motion into a continuous circular motion, and 
the reverse ; with the theory of parallel motion, as given by 
Trofei%oT Willis and Mr. Hann, 

In Chapter III. are given the ordinary machines used in 
the common arts of construction, and for domestic 
purposes. 

In Chapter IV. are described all the most approved 
hydraulic machines, from the common suction-pump to 
Appold^s centrifugal pump, which was so conspicuous in 
the Great Exhibition of 1851; and the various kinds of 
water-wheels, including the turbine, with the methods of 
calculating their powers ; also the most approved marine 
screw-propellers ; with the theory of the motion of water in 
pipes, rivers, and open canals, <fec. 

In Chapter V. Mr, Joseph WhitwortVs self-acting lathes, 
&c. &c., are described.* 

Chapter VI. treats of machines for carding, spinning, 
flax-dressing, <fec. &c. ; most of which formed an attractive 
part of the Chreat Exhibition of 1851. 

Chapter VII. describes the various mechanical arrange- 
ments of the steam-engine, with two specimens of novel 
machines of this kind. 

* To lifr. Whitworth, tlxanks are due for his liberality and kindness. 



INTEODTJCTION. ix 

III Chapter YIII. are given descriptions of machinery for 
^fining sugar, &o. 

Chapter IX. treats of the Motion of machinery, and of 
Ikbonring forces; with the nature of the resist&noe of 
l^iction on railways and common roads, &c. &o. 

Chapter X. describes the process and mechanism for 
I manufacturing brown salt-glazed stoneware and Bristol- 
ware, as practised at Yauxhall Pottery, by Messrs, Singer, 
Qreen, and Oo* 

A more complete detail of the seyeral subjects will be 

found in the table of contents. 

T. BAKEE. 

* To Mr. Green, thanks are due for his kind aid. 
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PART I. 



CHAPTEE L 

DEFINITIONS OF MOTION. 

1. Motion is the continual change of place of a bodj. 
When the body moves in a straight line it is said to have 
recHlmear fnoiion; when it moves in a curved line it is 
called ourvilinear motion ; and when it moves backwards and 
forwards it is said to have reciprocating motion. 

Motion may be also either uniform or variable. When 
the body moves over equal spaces in equal times, it is 
said to have uniform motion; but when it moves over 
imequal spaces in equal times, it is said to have variable 
motion,* 

The velocity of a body is measured by the linear rate 
of motion of a point in the body ; thus, if a body move 
nniformly over 10 feet per second, it is said to have a velocity 
of 10 feet per second. Therefore, when velocity is to be 
measured, we must have a given number of units of space 
passed over in a given unit of time : it is an established 
custom to take a foot for the imit of space, and a second for 
the unit of time, when treating of these subjects in a scientific 
manner. 

2. TThen a lody moves uniformly the space it passes over is 
egual to the product of the velocity and ttme, 

* There are aJso ctccelerated and retarded frMtums ; the most common 
cases of these motions may be seen in falling bodies, in the former case, 
and in bodies thrown directly upwards in the latter case. 



2 MACHINES IN GENERAL. 

For, if a body moves with a velocity of 6 feet per secondy 
it will move over twice 6 feet, or 12 feet, in 2 seconds, and 
over thrice 6 feet in 3 seconds, and so on. 

Ois. generally, let v be the velocity of the body per second, 
t the time in seconds, and 8 the space or dist^ce passed 
over, then 

8 ^ V times t 

that is, 8 ^ vt (1) 

which equation shows the relation of velocity, time, and space 
in uniform motion, any two of which oeing given the 
remaining one may be found by common algebraic transposi* 
tion; thus, 

t = - 2) 

V 

»=7 (3) 

Example 1.— rThe velocity of a body is 15 feet per second, 
in what time will it move over 100 yards ? 

Here « = 100 yards = 100 x 3=300 feet, and t? = 16 feet ; 
hence by equation (2), 

. « 300 ^^ 
^ = - = --— = 20 seconds, 
V 15 

Ex, 2. —A locomotive engine moves with a velocity of 
80 miles per hour ; required its velocity per second. 

Here « = 30 x 5280 = 158400 feet, and ^= 1 hour =3600 
seconds ; hence by equation (3), 

^ = ^n^r. = ^ ft* per second. 
3600 

% 

ON THE USE OF MACHINES IN GENEBAIi. 

3. MrHly. — Machines are used for producing power or 
force greater than the strength of man or any other animal; 
as by the lever, crane, &c. Secondly, — ^For increasing or 
decreasing the velocity of motion ; as by the lathe, smoke- 
jack, &c. Thirdly, — For prolonging the action of power, as 
in a dock or watch. Ibwrthly, — For changing the direction 
of motion ; as by the windlass, the piston of the steam- ; 
engine, &c. Mfthly, — For reducing the time of labour ; as 
in the case of locomotive engines on railways compiured j 
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ELEMENTASY FORMS Of HECHAl^ISM. 3 

.wiih draught horses on common roads. And Sixthly. — ^For 
.prodacing accuracy and qmckness in the work required to be 
done ; as in the case of lathe-work, which cannot be pro- 
duced with perfect uniformity without the lathe. But 
instances of this kind may be produced without end ; we 
shall therefore proceed to 

4. Tarts of a Machine, — ^These parts may be divided into 
three : firstly^ the part which is subject to the action of the 
moying power, as the handle of a windlass, which may be 
called the receiver of work ; secondly , the mechanism that 
.communicates the work of the receiver to the work to be 
,done, as the windlass and the rope coiling round it, which 
may be called interposed mechanism or communicators of 
work. And thirdly^ the part which performs the required 
work, as the bucket, which is attacned to the rope, and 
which may be called the working party or operator. 

5. The moving powers of machines may be divided into 
seven ; Firstly^ man and other animals. Secondly^ the fall 
of water. Thirdly^ the force of the wind. Fourthly^ the 
descent of weights. Mfthly, the action of springs. Sixthly, 
the expansion of elastic fluids, as steam, air, &c. And 
seventhly^ electricity and magnetism. 

ELEMENTABT 70BMS OE MECHANISM. 

The Elementary Porms of Mechanism consist of the sLx 
mechanical potoers* 

1st. — LeverSy producing motion by Link-work or Jointed- 
rods, 

2nd. — Wheels, or Wheels and Axles, producing motion 
by rolling contact, or by teeth raised upon them. 

3rd. — PvlleySy producing motion by wrapping contact, by 
means of cords, straps, or chains. 

4th. — Inclined Flanes; and 5th, The Wedge^ producing 
motion by slidmg, or wedge-motions. 

6th. — Screws, also producing motion by sliding by the 
help of the lever, or some other of the mechanical powers. 

VEIOCITY BATIO. 

t 

6. In calculating the motion of the parts of a machine, 

\Fr<ifessor Willis and others have found it to be most con- 

Tenient to compare their proportional velocities, or, in other 

b2 



4 THE LEVEE, 

vorde, to find an expression for their velocity ratio. ThiU| 
let the receiver of a maehine more through a space of T fee^ 
while its operator mores through v feet; then their velocity 

ratio is expressed by -; and, if p represent the pow^ 

applied to the receiver, and w the weight moved by the 
operator; then 

p'fl velocity _ v 

w's velocity "" «' 

Hxample. — Let the velocity v of the receiver = 28 feeiiy 
and the velocity v of the operator = 4 feet in the same time ; 
then 

p' a vel. _ T _ 28 _ 7 

w's vel. ~ v" 4 ~ 1-' 

or, the power p of the receiver moves with seven times the 
velocity of the weight w moved by the operator, which ja the 
velocity ratio in this case. Examples explaining this prin- 
ciple will be given in Art. 8, on the practical application of 
the lev;er. 

"We ahaU now proceed to compare the velocity and. 
power of the receiver of work with the velocity and power 
of the (^erator of a machine, the form of the inteiposed 
mechanism or communicators being given. 



THE LEVER AND LIHK-WORK. 



7. We shall first take the lever ab, as presenting the 
most simple form of mechanism. Let tho lever rest on the 

i fulcrum F, and let a power p 
be applied to the end A of the 
lever, which is called the re- 
ceiver, to move the end b, 
which is called the operator; 
also let the power move the 
lever to the position a h; thus 
causing the weight w to ascend through the space b & in the 
same tnne that the power descends through the space A. a; 
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itten, by the principle of Viptual Yelodties, Art. 85, Baker's 
ttaiies and Dytumics, Weale's Series, 

±a : Bh :: af:pb, 
that is, p's vel. : w's vel. : : a p : p b, 

p*s vel. A p 



w's vel. p b' 



a) 



Also, when equilibrium takes place between the weight 
and power, we shall have by Art. 42, Ibid., 

PXAP = WXFB (2) 

that is, the power multiplied ly the lenath of its arm is equal 
to the weight multiplied oy the letigth ojits arm; — ^the former 
product, is called the m<ymentvm of the power, and the latter 
the fnomentvm of the weight, 

\ W A P 

Prom equation (2). — = — (3) 

P P B 

aod by comparing equations (1) and (3) we shall have 

p's vel. w 



w's vel. p 



W 



PS vel 

that is, the velocit/j ratio, or — ; \ , is equal to the weight 

w s vel. 

w divided by the power p, which is employed to raise the 

weight w, an equilibrium between the weight and power 

being supposed to exist. 

8. jPbr the instruction of those students that are not accus- 
tomed to the use of mathematical equations, we shall give the 
following rules and examples, in which the magnitude of the 
power and weight, and the lengths of the arms of the lever, 
are given in numbers. 

SiTiiS I. — The velocity ratio of the power p ^d the 
weight w is equal to the length of the arm a p divided by the 
length of the arm b p. (See last figure.) 

JExamplc^—liet the arm a p of the lever a b be 36 inches, 
and the length of the arm b p = 9 inches ; required the 
velocity ratio of the weight and power. 

p's vel. _ 36 _ 4 
w's vel. " ¥ " i' 
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that is, the power^s velocity is to the weight's velocity as i 
is to 1. — ^This is the velocity ratio in this case, which is muol 
used in calculations relating to machinery, and is the saniji 
as would be given by equation (1) of the last artide. 

BuLE II. — The velocity ratio of the power and weight ^ 
equal to the weight divided by the power. | 

Ecccmple, — Let the weight w = 28 cwt,, and the powei 
p = 4 cwt. ; required the velocity ratio, an equiliDriuii 
being supposed to exist between the weight and the power f 

p's vel. _ 28 _ 7 j 

w's vel. "" 4 "" 1' ! 

that is, the velocity of the power p is to the velocity of the 

weight w as 7 is to 1. ' 

28 7 w 
NgU, — ^In this ezamplej -r- = r-=; — , or the weight to be raised divided 

by the power applied, is called '^ the ad/ocmtage gamed hy the lever ;^ 

p's veL 7 
and the velocity ratio, or — ; r = -, expresses the number of times 

that the velocity of the weight is contained in the velocity of the 
power, which quotients are equal ; hence (he cidvamtage gained hy a 
machine is equal to the velocity of thepotver dimdedhy ike veloeity qf the 
weight raieed, which is called the principle of virtwd velocities, Mechani* 
cians define this principle by saying ** what is gained in power is loert in 
speed" This simple prindp^, abating friction, wiU apply to aU machines, 
however complicated, and this is the most simple aspect in which their 
motion can be viewed. 

SuLE in. — AlsOj when an equilibrium takes place on the 
lever, the product of power and the length of its arm is equal 
to the product of the weight and the length of its arm. 
. Or,— The power is to the weight inversely as the lengths 
of the arms of the lever on which they respectively act; 
hence, if any three of these four be given the other may be 
found. 

Example. — ^The lengths of the arms of a lever are 36 and 
3 inches^ and a power of 2 cwt. acts at the end of the longer 
arm ; what weight will it balance P 

in. in. cwt. ewt. 

3 : 36 :: 2 : 24, 

that is, the product of the power and the length of its arm 
is eqiuil to the product of the weight and the length of its 
arm; thus, 

2 X 36 = 24 X 3 = 72, 



THB LEVEE. 



Ike «0»i0)iA(m (ff the power, being e^nal to the dimimiAmi ^ 
tiyAf, eee equation (2) ; the lurer in ill these cuei being 
■opposed to be without weight. 
9. There &re oom- 



pendingf on the poai- 
liona of the potnit 
rf application of the 
fouer and the weight 
nth respect to the 
fblcmm. 

A lever qfthejlrtt 
i Hud IB represented 

ibyfig.I., inwhichthe 
Mcnun 7 is situated 
between the power p 
and weight xi. In a 
lewr ^ the lecond 
Hnd, fig. U., the 
power p and the 
Height w act on the 
same dde of the ful- 
cnnn r, the weigfat 
I bfflngbetweenthe toI- 
I cram and the power. 
In a lever of the 
Aird kind, fig. III., the power p and the weight w acton tits 
tame idde of the fulcrum t, as in the latter cue, but the 
power, in this case, is between the fulcrum and the weight. 

The Telocity ratio, and the equations of equilibrium, 
(^uilaonB (1), (2), and (4), Art. 7, apply to all the three 
kinds (^ levers, that is, 

w'ivel." rp' 

or, — ; ^ = - in case of equilibrium ; 

w's vel. P ^ 

and Pxrp = wxPW. 

10. fThe Common Steelyard is a useful application of the 
Wer for finding the weights of bodies. — The beam of the 
iteelyard is shown in the annexed figure ; c is the fulcrum. 
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w the "body (the weight <rf which ia to be found) is sn^ended 
at the end b of the ehort^ arm, and the conetiuit weight p u 
moved along the gradimted arm till there Bhtil] be an egiiili- 
briiun. Let it be assumed that the scale and heavy ball at 



8 keep the lerer in eqaiUbrima or in a horizontal poeitioD 
when the load w and the weight 7 are reinoTod, as is the 
case with some steelyards. Now, lot w and p be applied to 
the steelyard so that they may balance each other; then 

PXCP = wxc8 otw = , therefore, when cp = 08,w ! 

OB I 

win be = p, and when o p = 2 c B, w will be = 2 p, and so on. 
Therefore, if the longer arm of the lerer be marked bo that 
ol, c2, c8, &c. Bhall be equal to sc, 280, 3bg, &c., 
respectiTelyi then, when p is at the 1st, 2nd, 3rd, &c., mai^ 
the corresponding weights of w will be P, 2 p, S P, &c 
Thus, if p be 1 lb., then w will be succeHaively equal to 
1, 2, 8, &c. pounds, when f is at the let, 2nd, 3rd, &c., marks 
on the longer arm of the steelyard. In the figure, p is 
sliown at the twelfth mark on the longer arm, therefore, in 
this case, w = 12p; and, if p = lib, then w= 12 lbs. 

11. IVhen the power it required to be very ffreat, and it ia 
not convenient to construct a vary long fever, a compound 
tecer, or a cm^otition 
tjfleverg,is employed. 
In the composition 
of levers, in the an- 



s, act perpeudiculwly one on another, the fulcnunB, or 
centres (n motion, of which are reapectively v,v', andf"; 
Jihen by Art. 48, Baker't Statics md J)ynamict, we shall 
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have, in case of equilibrium between the power s sud 
weight w, 

r:w::rBXF'cx x"a -.VA.xv'BXt'a 

w paxf'bxf'o 

or, - = - — ■■ ■ ■ -■-■ - . -■ (1) 

Nov, let the power p deecend through the Bmall space 
1 a, then the levers a b, b C, C D will respectively assume the 
podtioQS ah,bc,cd, and we shall have the velocity' ratio 
hr equation (4), Art. 7, or by the principle of Virtu^ 
Telocilie^ ,•. yel. ^ V.vel.^ w 

w'a vel, d'b vel. p' 
and by comparing this equation with equation (1), there 
results the velocity ratio, or 

a'b vel. _ p A X f'b X p' c 

d's vel. "pbxp'oxp'd' 

Hence generally, the velocity raUo of a. and d, or ofp and 

w, wtU hefovad hy dividiitig the product of lengths cf all the 

dtemate arms of the levert hegiiming from P 6y the product of 

aU the alternate armt beginning from v. 

12. A system or composition of levers maybe conveniently 
arranged as in the annexed fig. Here, there are two of the 
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second kind, viz. a 7 and a' t", and one of the first kind ^l'b', 
and we shall now consider the manner in which the power P 
is transmitted to the weight w. The power p, acting on the 
lerer a r, produces a downward force at b, which acts through 
the link b a' on the arm a' r' of the second leyer, which arm 
is therefore pulled down, thus causing the arm f' b' to 
lUicend, which acts hj means of the link b' a^ on the arm 
a" f", which is therefore drawn upwards, causing the weight 
A7 (suspended at b") to ascend ; hence the Telocity ratio of 
p and w, or of a and a", by the last Article, will be 

p's vel. afxa'f'xa"f" w. « m-i. • 

-- ; r= r—, jT-jPi or, = — m case of equmbnum. 

wsvel. fbXf'b'xf^b p 

JSxamjpU 1. — ^Let a p = 20, a' p' = 16, and a" p" = 18 inches, 
also let B p' = 2, b' p' = 2, and b" p" = 3 inches ; then, by 
equation (2), we shaU have the velocity ratio, or 

p^s veL _ 20xl6xl8 _480 
w's vel. "^ 2 X 2 X 3 "" 1 ' 

that is, the power's velocity is to the weight velocity as 480 
is to 1 ; or the point a moves with 480 times the velocity of 
that of the point b" ; and consequently, by the nature of 
virtual velocities, the weight w is 480 tunes the power p. 

JEx, 2. — Let the power p be. such as a man can exert, 
which is usually taken at 150 lb., what weight can he raise 
by the composition of levers in the last example ? 

Since the weight is 480 times the power, we shall have 

w = 480 X 150 = 72000 lb. = 32 tons 2 cwt. 96 lb. 

The same result may be obtained from equation (1), 
Art. 11. 

13. The Weighmg Machine for turnpike-roads, Ac., is 
formed of a composition of levers. It is chiefly used for 
weighing loaded wagons and other large weights. It consists 
of a wooden platform, placed over a pit made ia the line of 
the road, and level with its surface ; and so arranged as to 
move freely up and down without touching the wdls of the 
pit. The levers on which the platform rests are four ; viz., 
A p, B p, OP, and n p, aU converging towards the centre p, 
and each moving on a fiilcrum at a, b, o, n, securely fixed in 
each comer of the pit. The platform rests on its feet a! c' 4!, 
which rests on steel points a, h, c, d. The four levers are 
supported at the point p, under the centre of the platform, 
by a long lever G e, resting on a steel fulcrum at b, while its 
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loDger arm at e is connected ydth ft rod, vliicli is earned up 
into the tompibe-honse, where it is attached to the shorter 



ana of another lever, vhile a scale,* suspended from the other 
arm, carries the cdunterpoiae or power, the amount of which, 
of eoDTBe, indicates the weight of the wagon on the phitform . 
Now, as the four levers a, b, o, n, are perfectly equal and 
similBr, the effect of the weight distributed amongHt them 
19 the same as if the whole weight rested upon any one. In 
order, therefore, to ascertain the conditions of equilibrium, 
ffe need only consider one of these levers, such as *. r. 
Suppose, then, the distance from a to f to be 10 times as 
great as that ftom a to o, a force of 1 lb. at f wodd balance 
101b. at a, or on the platform. So, also, if the distance 
from E to G be 10 times greater than the distance from the 
Mcrum x to r a force of 1 lb., applied so as to raise up the 
end of the lever q, would counterpoise a weight of 10 lb. on F ; 
therefore, as we gain 10 times the power by the first leversj 
and 10 times more by the lever e g, it is evident that a force 
of 1 lb. tending to raise o, would balance 100 lb. on the 
platform. If the weight of 10 lb. be placed in the opposite 
arm of the balance to which o is attached, this 10 lb. will 
espress the value of 1000 lb. on the platform. "When the 
platform is not loaded, the levers are counterpoised by a 
weight applied to the end of the last lever. 
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14. A lever a b, turning on the fulcrum t, is acted upon 
by the power p, and the weight w in the oblique directions 

p A s, w B T ; it is required to find 
the nature of the equilibrium 
between p and w, and their velocity- 
ratio P 

!Prom T draw the perpendiculars 
p 8, E T upon the respective direc- 
tions of p and w ; then, by Art. 42 (2), Bakers Statics and 
Dynamics, 

PXFS = WXPT, (1) 

W FS 

or, - = — 

P FT 

Also, by Art. 86, Ibid,, the velocity ratio of p and w, 
estimated vertically, is 

p's vel. WPS 

— — r = - = — • (2) 

w s vel. p P T 

Prom (1) and (2) it appears that p multiplied iy the per* 
pendicular from the frlcrum on its direction is equal to w 
multiplied ly the perpendicular on its direction; and that the 
velocities of rand w ar« to each other asthesame perpendiculars: 
both which positions are agreeable to the yreat principle of 
the equality of mofnents, Articles 85, 86, and Sv. Baker's 
Statics cmd Dynamics, 

Note. — ^Put A F = a, B F = &, the angle b a fse o^ and tb F sjS ; then, 
Art 43, Ibid.f f asin. a = w 6 sin. 0. 

16. The law of equilibrium and velocity ratio, given in 
Art. 14, is equally true with respect to bent levers of any 

kind, as A P B, in the annexed fig. ; 
for, instead of the straight lever, 
shown by the dotted line « p J, 
we may conceive the rigid bent 
lever a p b to meet the directions 
of the forces p and w, and these 
forces to be transferred to its extremities a and b. Draw 
the perpendiculars r s, p t to the directions p a s, w b t of 
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the forces p and w reBpectively, and we shall hare, as in the 
last Art.y 

PXPSrsWXFT, 
, p's vel. F 8 
wsvel. PT 

16. When, the arms p a, p b of the lever are perpendicular 
to the directions p a, w b, in which p and w act, that is, when 
p AT, ws p are right angles (see last fig.) ; then 



and 



PXPAXWXFB, 

p's vel. p A 



w's veL p B 



which is sufficiently evident from the two preceding Articles. 
:Esample 1, —Let p s be = 2 feet, and p t = Ifoot, fig. to 
Art. 14, then, by equation (2), the velocity of p wiU be 
' 2 times the velocity of w, that is, 



p's vel. 
w*s vel. 



PS 
PT 



2 
1 



^j?. 2. — Let the power p=6cwt., the weight w=18 cwt., 
p s = 3 feet, and p t 5= 1 foot ; then, by equation (1), 

P XPS = WXPT 

that is, 3x6 = 1x18 

both products being 18, as they obviously 
ought to be. 

LIKK-WOBK, ORAJTES, &C. 

17. Botatory motion may be commu- 
nicated from an axis b to another axis n 
by the arms or cranks Bb^Dd (which are 
of equal lengths), and the link h d, which is 
equfu to B D. If B 5 be moved round the 
cirde Bh^di) will always be a parallelogram, 
and therefore the ane^ular velocities of b 5, 
B d, wHl be always the same. When the 
cranks arrive at the positions b «, J> ^, the 
link h d will have the position s t, the cranks 
and link being* in this case all in what is 
i»lled the line of centres qBDtf the link is now said to be 
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in one of its dead paints^ as the tension upon it has 
effect in turning the crank, but generally the moying force 
of the machinery, to which the crank is attached, carries 
it beyond the dead point. It will also be seen that g[ and 
p are dead points which the cranks and link have to pass 
over in one rcTolution. 

18. To remedy the inconyenience of dead points, the t^ro 
cranks b «, n ^ at right angles to b ^, n d^ respectirely, 
and equal to them, with their connecting link e /, aare 
frequently added to the system. The adrantai^e of tliiB 
ar^Lgement is to give a constant and efficient moving 
force to drive round the cranks j) d, j>f, independent of 
any moving force in the machinery. 

(l. 19. A second manner of avoiding the 

dead points may be gained by bending^ 
the two axes into loops or cranks, at 
right angles to one another, by which 
arrangement the planes of rotation of 
the two are separated, so that they can 
never come in contact ; the same must 
be understood to be the case in Art. 17, 
as well as in the follow Art. 




c=d5"^ 




20. "The third method of passing the links over the 
dead points consists, like the latter, in employ- 
ing two or more sets of arms and links, so 
disposed that only one set shall be passing the 
dead point at the same moment. In this 
method the axes c, n, are parallel, but not 
opposite; pins are fixed in the free side of 
each disc or wheel,* at equal distances from the 
centres of motion, and at equal angular dis- 
tances from each other, and links each equal to 
the distance of the centres c, n, are joined to 
them, as shown in the annexed fig.'* — JPrqf. 
Willises Mechanism, Art. 200. 

21. In the annexed fig., the wheel or grindstone o has a 
continuous rotatory motion given to it by the crank c b, 
the connecting rod or link on and the foot-board or 
treadle ad, which last piece turns upon a as a centre, 
the rod o n having joints at its extremities to . connect it 
with the crank and foot-board. By pressing the foot, 
for an instant, upon a d, the wheel is turned by the crank, 

* By this arrangement the links will pass one another without 
collifiion. 
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the moving ttace, thus comnmnicated to the wheel, being 

taffieimit to carry it round, paaaing bot^ the dead points, 

till it uriTeei at its former position, when 

the presBnre is agiun applied, and the 

tqtataon of the wheel is thus continued j 

for any length of time required. The | 

redjvocating, or np and down motion of 

the great beam of the steam engine turns, 

br means of its connecting rod, the crank 

of the fly-wheel, the moving force or inertia 

of which maintains continuouH rotatory 

motion, in the same mwiner as in the wheel 

or grindstone, just described. 

22. 2%e henl-lev^ halanee is a convenient form of scale, 
in vliich the weight is constant. It consists of a bent 
lerer abc, to one end of 
whidi a weight c is fixed, and 
to the other end a, a hook 
carrying a scale-pan w, in 
which the eubatance to be 
weighed is placed. This lever 
is moreable abont an axis e. 
As the weight in w depresses 
the shorter arm b a, its lever- 
age is constantly diminished, 
while that of the arm c b is 
constantly increased. "When 
C connterpoises the weight, 
the diviaion at which it set- 
tles on the graduated arc 

expresses its amount. The graduation of the instrument 
of courae commences at the point where the index settles 
when there is no load in w. The scale-pan is then succes- 
sively loaded with 1, 2, 3, Ac, ounces or pounds, and the 
successive positions of the index marked on the arc. 

28. NvU. — " One of the principal uaea of the common lever ia for 
rusing large weights through sm^l BpaceH, which is done by a Beries of 
short intermitting efforts. After the weight baa been raised, it must 
be supported in its new position, until the lever is readjusted to repeat . 
the action. The chief defect, therefore, of Uie lever is want of range 
and the means of eupplpog continuous motion. This defect could be 
supplied if the moving power could be enabled to move round the 
entire circle, and so, continue to revolve for any length of time, still 
^rodadng the doe proportion of effect on the weight to be ™aed, or on 
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the renslamoe to be overcome. If, for instanoe, a weight is to be ndsed* 
there are many ways m which the action of the lever may be mada 
continuous/' which shall be shown in the following chapters. 
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24. '^ Let A p, B Q be two arms moyiag on fixed centres a. 
and B respectivelj, and let them be connected by a link b q, 

jointed to their extremi- 
ties Band q. LetAB,BS 
be perpendiculars horn, 
the centres upon the di- 

aI^^""^"^"^'^^ Q^'^^s rection of the link b <i. 

produced, if necessary ; *• 
and let the centres a and b be joined ; then a b is called 
the line of centres, and by Frof. WiUis*^ Mechanismy Art* 22^ 

ang. vel. of a p : ang. vel. of b q : : b t : a t, 

that is, the cmgula/r velocities of the arms ap, b Q are to each, 
other vmersely as the segments into which the link divides the 
line of centres IlH, 
Also, by Art. 32, Cbr. 1, lUd,, 

ang. vel. of a P : ang. vel. of b q : : b s : a e, 

that is, the angular velocities of the arms A P, b Q are 
vn/oersely as the perpendiculars from their centres of motion 
upon the line of the link P q. 

These two proportions may be arranged in equations as 
follows : 

ang. vel. of a p _ b t 

ang. vel. of bq*" at' 
and 

anjs:. vel. of a p b s 

" — ^ /2) 

ang. vel. of b q a b* 
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CHAPTER in. 



WHEEL-WOBK.— PRODUCING MOTION BY ROLLING CONTACT- 
AXES, PABALLELS. 

25. Let z and P be two wheels or cjrlinders, in contact 
with each other, and respectively revolving on the parallel 
axes A a, B 5 ; the sum of the radii of the two wheels being 
equal to the distance of the centres of their axes, and 
therefore the wheels will be in contact in all positions ; and, 
if the wheel b be made to revolve, it will communicate 
motion to the wheel f, in a contrary direction, bj the friction 
of their circumferences, which win ob- . 
yiouflly have the same velocity; there- 
fore the number of times r revolves 
while E makes one revolution will be 
equal to the number of times the cir- 
cumference of 7 is contained in that of e, 
or = the number of times the radius of f 
is contained in that of E. Let b and r be 
the radii of e and 7 respectively, and 
5 =: number of revolutions made by 7 
while E makes one revolution ; then 

B 

2T = - 

r 

'Example, — Let the radii of the wheels b 7 be respectively 

10 and 4 ruches ; how many revolutions will 7 make while e 

makes one ? 

B 10 
Here w = number of revolutions = - = —-= 2i. 

T 4 

26. If motion is communicated by the wheel e to the 
wheel 7, then e is called the driver and 7 the follower. 
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27. There we various methods hj which the carcum- 
ferencea of wheels are made to act upon one another. 
Sometimes by the mere friction of their aur&ces, the friction ■ 
being increaeed by catting the wood bo that the grains of 
the opposed surfaces may run in opposite directions ; in 

other coBea the eurfaces oxe covered 
with thick soft leather; but the most 
usual method of transmitting power 
in complei wheel-work is by meana 
of teeth or m^r, raised on the sur- 
faces of the wheels, sa in the annexed 
fig. The term ieeth is usually ap- 
plied to the cogs ou the surface of 
the l^ge whee^ as B, and leaves to 
those on the eur&ce of the small 
wheel, usually called a pinion, as a. — ^Wheels and pinions 
are usually made of cast-iron, each wheel sai its teeth heing 
of one piece. 

28. When the teeth of wheels are engaged to|eliea?, as 
in the fig., they are said to be in y«w, but when disengaged 
Ota of gear. 

29. The number of times the pinion revolves while the ' 
wheel makes one revolution will be evidently equal to the 
number of teeth in the wheel divided by the number of 
leaves in the pinion. — Let t = no. of teeth in the wheel, 

t = no. of leaves in the pinion, and ir = no. of revolutions 
made by the pinion while the wheel makes one, or if B, r be 
the respective radii of the wheel and pinion ; then 



Example. — The number of teeth in a wheel is 48, the 
leaves in its pinion are 8 ; how often will the pinion turn round 
while the wheel turns once round f 

13 
Here it = number of turns = — = 6. 

80. In a train of wheels, arranged as in the annexed fig., 
the conditions of equihbriiun and velocity ratio are the same 
OS in the train of levers in Art. 12, that is, 

r'a vel. _ a X a x/ _ w 
w'a vel. ~6xcxii~'p 
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a,e,f being the radii of the wheels, and h, e, d the nulii of 
the pinions; aiao, 



31. In the margw&^ tr^ of vheela, let the wheel t drive 
the pinion t, which is fiied on the mis of the wheel t' ; let 
rr' driye the pinion t', which is fiied on the asia of the wheel 
t", which last wheel drives 
the pinion f ; let the num- 
ber of teeth in the wheels 
and pinioBB be represented 
br tne letters annexed to 
them, and let n = number 
of revolutiona made by the 
pinion f while the wheel t 
makes one revolution ; then 
we shall have, hj Art. 220, 
Prof. WUlw'i Mechanitm, 




Hence it appears that while the first drivim-wheel maket 
one revehttum, the numh^ qf revolutiotis made by the Ja»t 
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JhUoteer in tlte train ie equal to the product of the numibef 
of teeth in all the driver*, divided bu theprodwet of the nvm^ier 
of teeth in all the follovxra ; KoA this rule will hold for a 
^^reater or less number of drlTeis and followers, arranged as 
m the fig. 

Exan^le 1, — let the radii of three wheels a, e, and,;^ be 
reapectirely 16, 18, and 21 inchea, and the radii of their 
pinions h, c, and d \k % i, and 3 inches Feapectively' ; 
required the velocity ratio of f and w, and the weight of the 
latter when the former ia 1 cwt., in case of equiiibrium. 

By Art. 30, equation (1), 

p'svel. _ oxex/ _ 16xl8x24 ^S76 
w'a vel. ~'Jxcxrf~"2x2x3 1' 

that is, f 's Tel. is to w's toL as 576 is to 1 ; and conBequently 
when p = 1 cwt., w = 576 cwt. = 28 tona, 16 cwt. 

Hx. 2. — In a train of three wheels and their pinions, (see 
last fig.,) the ntunber of teeth in the wheels are respectively 
56, 64, and 96, and the number of leaves in the pinions 
respectively 8, 12, and 16 ; required the number of revolu- 
tions made by the last pinion while the first wheel tumfi 
once round ? 

By Art. 31, s = ^f''f*^^ = 224= number of revol. 
' ■ 8 X 12 X 16 

MIW.-W0EK. 

32. The subjoined fig. shows the 
construction of mill- work, and large 
machinery, previous to the intro- 
duction of cast-iron wheels. The 
wheel A. is formed of wood, aa 
shown in the fig. ; equidistant 
mortices are pierced through the 
rim to insert the teeth or coat, as 
they are called when made of 
separate pieces, which are also of 
well-seaaoned hard wood. Thp 
pinion b ia formed by inserting the 
extremities of small wooden cylin- 
ders into equidistant holes, in two 
parallel discs attached to its asia 
or shaft, thus forming a kind of 
cage, which is called a lantern, tke 
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cylindrical teeth bemg caiQed ita ttavei or round*. This 
construction is very strong, and the circular form of ita 
staves gives it the advaiLtage of a very smooth motion. — This 
kind of wheel and lantern is atill very common in old nulls. — 
Prof. Wlllia'* Meckanitm, Art. 64. 

33. " The above construction of a toothed wheel has been 
partly imitated in modem mill-work, for it is found that, if, 
m a pair of vrheels, the teeth of one be of caet-iron and in 
the other of wood, that the pair work together with much less 
vibration and consequent noise, and that the teeth wear each 
other less than if both wheels of the pair had iron teeth. 
Hence, in the best modem engines, one wheel of every 
large sized pair has wooden cogs fitted in it, in the manner 
just described ; only, instead of employing a wooden wheel 
to receive them, a cast-iron wheel with mortices in its rim 
is employed. Large wheels of the kind hitherto described, 
in which the teeth are placed radially on the circumference^ 
whether the teeth be of one piece with the wheel or separate, 
are termed «pwr-tcA««2«." — Prof. W^u't Meohani»m,ATt.55. 



ANKUHE WHEELS. 



S4. When wheels transmit motion to 
one another, as in the annexed fig., they 
ta% called annular wheels, the teeth in 
the lai^ wheel being cut in the internal 
side of the annulus or rim ; hence the 
two axet revolve m the same direction, 
whereas they revolve in eontrajy tHrec- 
fions when the teeth are on the outside 
of the rim. The arrangement shown 
in the fig. is sometimes required in 
machinery. 



AirOTTLAB TELOCTTT. 

S4a. Let no be the radius of a wheel 
revolving rcnnd o as a centre ; let o b 
move to the position o s in one second, 
then the length of the arc n s ia the 
velocity ofthepointBofthe wheel. Let 
a point ffl, one loot &om the centre o, 
describe the vec mn, meeting o s iu a; 



then the length of 
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the aro mn is the measure of tlie angular yelocity of tli< 
wheel. 

Let the length of the radius b o = r, y = velocity of thei 
point B, and v = the angular velocity or measure of the arc'] 
mn; then by similar sectors, 

whence, rv:^r. (1) 

V 

and V = -; (2) 

r 

whence, by knowing the velocity of the circumferetice of a 
wheel, of which b o is the radius, its angular velocity 
becomes known. 

Also let n = nimiber of revolutions made by a wheel in 
a second or any other ^ven time, and put 7r= 3'14!l6 = semi- 
circumference of a circle the radius of which is unity ; 
r, Y and v representing the same things as before ; then^ 

circum. of wheel = 2 tt *•, 

and vel. of circum. of wheel = 2 n ir r, 

that is, y = 2w7rr, (8) 

and n = (4) 

2nr 

But since Y^rv from equation (1), we shall have by 
substitution, 

rv V 

a.niv=z2wn (6) 

See Professor Willis's Frinciples of MecJuxnism, Art. 11. 

Example 1. — Let a wheel, the radius of which is 10 feet, 
have a velocity of 12 feet per second at its circumference ; 
required its angular velocity ? 

In equation (2), by substituting 10 for r, and 12 for T, 
that is, 

, y 12 , , -, 
vel. t? = - = — r = 1} ft. per second. 
r 10 '^ 
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- Mae. 2. — ^The driying-wlieel of a locomotare engine, the 
radius of which is 3 feet^ makes three revolutions in a 
second; required the rate of motion of the locomotiTe 
engine per hour in miles ? 

By equation (3) the velocity of the circumference of the 
wheel is 

v=2fr«r=2x 31416 x 3 x 3=55-5488 feet per second ; 

hence the distance passed over by the wheel in 1 hour, or 
3600 seconds, will be 55*5488 x 3600= 199975 feet; which, 
being divided by 5280, the number of feet in a mile, gives 
37^ miles nearly. 

Ex, 3. — The radius of a wheel is 8 feet, and its angular 
velocily 5 feet ; required the velocity of its circumference ? 

Am. 40 feet. 

Mx. 4. — In a train of three wheels and their pinions, (see 
fig. to Art. 31) the number of teeth in l^e wheels T t' t" 
are respectively, 112, 128, and 96, and the number of leaves 
in the pinions t, t\ t" are respectively 12,8 and 14 ; required 
the number of revolutions made by the pinion f while the 
wheel T turns once round, and the angular velocity of the 
pinion f when the velocity of the circumference of t is 
3 feet per second ? 

JSrtT. 5. — A locomotive engine moves at the rate of 60 
nules per hour ; required the number of revolutions made 
per second by the driving wheel of the engine, its radius 
being 3 feet ; also the number of revolutions made by a 
common wheel of the same engine in the same time, its 
radius being 20 inches ? 



MOTION BY BOLLINO CONTACT — ^AXBS NOT FABALLEIi* 

35. If the two axes of rotation be not parallel, they will 
either meet, when prolonged, or not ; these cases shall be 
considered separately. 



\ 



BETEL GEAB. 

36. Axes meeting when prolonged. — Let the axes of rota- 
tion B &, c meet, when prolonged, in a. On these axes two 
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right cones a e ^» ae^^ the vertioes of which meet in ^i 

are formed, touching each other in the line a e e. When the 

cone ±'Ed reyolves on its axis b h, it will transmit a rotatory 

motion to the cone a J&f on its axis 

o ^ by rolling contact. In practice 

thin frustums or frusta of the con^s 

are used, aa dj>eiR,e t/t. 

As these conical surfaces will evi-^ 

dently roll freely a^inst each other, 

they ViU peifo4 their rotations ii^ 

the same manner as the cylindrical 

wheels in Art. 25, that is, if b and ' 

r be the radii of the frustums at 

any point where they are in contact, and n the number of 

revolutions made by e e/e while <^d e e makes one revolution; 

then 

B circum. e d 

N = - or, = V 

r cu'cum. f/ 

To maintain adhesional contact more firmly, the surface of 
one or both rollers may be covered with thick soft leather, 

but it is more common in 
practice to cut equidistant teeth 
on each surface, the outline of 
the teeth being directed to the 
common vertex a of the two 
cones A D E, A E E, as shown in 
the fig., DE, EE being the wheels 
and B, their axes. 

37. Wheels having their teeth cut, as in the fig., are called 
level gear ; their mathematical principle was first laid down 
by Camus in 1766. 

38. The position of the axes of two bevel wheels, a/nd their 
radii being given, to construct the conical surfaces forming the 

wheels. 

Let A B, A be the position of the two 
axes. Draw db, ec respectively parallel 
to A B, A c, and at distances equal to the 
radii of the wheels, let db, ec meet in E ; 
join A E, which is the line of contact of 
the two cones. Through e respectively 
perpendicular to a b, a o draw the outer 
diameters ed, ee of the two bevel 
wheels; join ad, ae; then abe, ae? 
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hfUL be sections of the required cones, from which any con* 
Itenient breadths Bm, en may be taken for the thickness 
r,rf the wheels. 

CROWN WHEELS. 

39. ^Rotation is transferred from 
one axis to another, which is at 
jDght angles to it, by means of a 
croum-vjiheel, as B, which gives 
motion to the wheel or pinion a. 
The teeth, of the crown-wheel, it 
will be seen, are cut ia the edge 
of the hoop, which forms its rim. 
This combination of wheels is 

f much used in clocks and watches, 

FACE-WHEEL AND LAIfTEfiN^, 

40. Also, when the axes of the wheels are at right angles 
to each other, and one of 
them is required to revolve 
much quicker than the 
other, the form of a cylin- 
drical lantern was usually 
given to the less wheel, as 
A, the teeth of the large 
wheel, as b, being fixed in 
its face, hence the name "face-wheel." 

This arrangement of the wheel and pinion, as well as that 
in Art. 32, has long been, and still is, much used in old 
mills. Por further information on this and like subjects, 
see JPrcf, WillWs JPrmciples of MecTumism, Arts. 61, 62, 
and 63. 

BEVEL-aEAK, AXIS ISTOT MEETING. 

41, ^dj^ not meeting when prolonged. — This case admits 
of solution by means of a third intermediate cone. 

The position of two actes^ which do not meet when prolonged, 
heing given, to construct heveh-wheels to trcmsmit rotatory 
motwnfrom the one to the other. 

Let A a, B & be the two axes, take a third line meeting the 
two axes, prolonged^ if necessary, at any convenient points 
c and n respectively; and let another axis be formed in 
the direction of this third libe to revolve between the other 
two axes. Now a pair of frustums e,/, of cones, having a 
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cotmnon vertex o ; and another pair of frusktme g, i, liaviBg 

a oommon vertex d, will be thus formed, of whieli th* 
frustumsyy std fixed on, one axis O S, 
which fri^ums will communicate 
motion by rolling contact from e to 
%, and teeth may be formed on the 
conical Burfacea e,f,g, %, aa in former 
. casea. Moreover, it ia obviouB that 
the wheel h will tranamit the same 
ratio of velocity to the wheel e as 
if they were in contact, ^id the 
equation in Art. 36 ivill equally apply 
in thia caae. It will be perceived 

that in this case the wheela e and j( revolve in the same 

direction. 

IDLX VTHEELS. 

42. A wheel placed between two other wheela, as that on 
the axia C £, between those on the axea ah, b i, ia termed an 
idle wheel, whether the axes of the wheels are inclined to 
one another, aa in the fi^., or all parallel. An idle wheel, aa 
appears from Art, 41, doee not affect the velocity ratio of 
the two wheels with which it ia in contact, but causes them 
to revolve in the same direction. 

ISTEBMEDIATI! BBTBL-WHEBI8, 

of irfieela, whether they be parallel or 

inclined to one another, may 

U be made to revolve either i 




a c x>vvwftvv.ytiA.w> ''°*' Bunie or Opposite direc- 
I ^JpwaWX*^ tiona, according to the reUtive 
1 '^nP" positions of the wheels. Thus, 

m the marginal fig., the in- 
termediate bevel- wheela b and 
E, mounted an the same axis, 
connect the driving-wheel a, with the wheela C and d ; of 
which the wheel c revolves in the eame direction aa a ; and 
the wheel n in the contrary direction. 



44. "When the ahafta of two wheels a and b, whether 
parallel or inclined, are bo close together that the wheels 
cannot be placed with their teeth in contact without making 
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them too emsU, they may be fixed aa ahown in the annexed 

fig,, 80 aa to lie one behind the other, 

tiie comiexioii being formed by the idle 

wheel c, the thicknees of which must 

be double that of the wheela it con- 

nects. Tbie arrangement ia used in 

the roller frames of spinning machi* 

uery. 

45. "WTien the asea of two wheela are inclined to each 
other, without meeting when prolonged, ioatead of an inter- 
mediate double beTel-wheel, ae in Art. 41, the fruatiimB, 
derived from the tangent cones of a pair of hyperboloids, 
may be employed. The direction of their teeth must be 
inclined to the base of the frustums, to enable them to come 
in contact. Erom the inclined position thus given to the 
teeth, wheels of this kind have obtmned the name of Skete 
BeveU. These wheels are not much used on account of the 
difficulty of their construction. 

Por tbe method of forming akew beyel-wheelB, and 
marking out the teeth upon them, see I'tvf. WillU't 
Frinc^lei of MecfufnUm, Arte. 47 and 67. 

THE BACK AMD PINION. 

46. The combination, in the annexed fig., may be con- 
sidered the connecting link between wheel-work and the 
lever, and is the most simple machine of the kind for 
producing a continuous verticid 
motion with great jwwer, " In 
thia machine the axis of motion 
c e forma the fulcrum of a lever 
whose longer arm « a iB called 
the tcineh, and describes a 
complete circle; the shorter 
arm is repeated in the figure 
8 times, forming the 8 leaves 
or teeth of the pinum, and 
there is always one of these 
employed in lifting by one of 
its teeth the rack b C to which 
the load or other resistance is 
applied. Thus, aa soon as one 
of these short arms of the lever has done its work, another 
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is . ready to supply its place ; and though each lifts the 
weight only through a reiy small space, the entire range is 
limited only hy the length of the rack. But in lifting the 
weight through this range, the hand at a must describe 
altogether a space much greater, yiz, in the proportion that 
the circumference dad exceeds the height occupied by 
8 teeth of the rack." . 

Let B = length of the winch c a = radius of the circle 
DAD, and r = radius of the pinion, p = power applied to 
the handle a of the winch,, and w = weight raised by the 
rack B c ; then, since the p and w act perpendicularly to 
the arms of the lever, formed by the winch and pinion, we 
shall have hy Art. 16, in case of equilibrium^ 

P X E = w X r, 

p XB 



or w = 



Example, — Let b = length of the winch = 18 inches, 
r = radius of pinion = 2 inches, and p = 160 lb. = power 
that can be exerted by a strong man ; reqtdred the weight w 
that can be raised by the rack and pinion? 

TT PXB 150x18 ^«^^„ ,« , ^„ 
Here w = = — - — = 1350 lb. = 12 cwt. 6 lbs. 



CHAPTER IV. 



ON PITCH— THE TCETH OF WHEELS— GUDG GO KB— COUPLIHGB OF 
AXLEB— HOOKE'S JOINT— FRICTION WHEELS— BNGAGEUENT A»D 
DISfiNGAOEHBNT OF UACHINERY— CONCENTEIC WHEELS. 

47. The subjoined fig. represents portionB of a driving- 
wheel and its pinion, with th& teeth formed on. them la the 
most usual miumer ; a and b the centres of the wheel and 
pinion respectively. The line a b joining the centres of the 
wheels is called the 
Imeqfeentret, and the 
two circles M T N, mTn 
aie called the pitch 
ciBCLXB ; these two 
circles touch each 
other upon the line of 
centres at t, their 
centres being the cen- 
tres, and are respec- 
tively of the same 
diameters as those of 
(flinders, the rolling 
contact of which would 
be the same as that 
produced by the in- 
troduction of teeth. 
The pitch circles have 
always their radii pro- 
portional to the num- 
ber of teeth in their respective wheels. The circumference 
of the pitch circle is divided into the same number of 
equal parts as the number of teeth required in the wheel ; 
the length of one of these parts is called the pitch of 
the teeth, each part containing "the exact distance occu- 
pied by one complete tooth and space." The word space 
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technicaUj means an opening between any two consecutiye 
teeth. 

Let p = pitch of the teeth, n = number of teeth, 
d = diameter of the pitch circle, and ir = 3* 1416 = diameter 
of a circle to radius 1 ; then, both the following products 
are equal to the circumference of the pitch circle, and 
therefore equal to one another, that is^ 

IT d :^ np / 

from which equation, if any two of the three quantities 
jP, dy n, be given, the third may be found ; thus, 

d=-f (1) 

IT 

a' 

ird 
« = - (2) 

- IF d 

and|> = — (3) 

n 

Only a given number of standard values are used for^, 
or the pitch of the teeth, in cast-iron wheels ; the values 
most commonly used are i, j, I, |, f, li, IJ, IJ, 2, and 3 
inches ; and it rarely happens that any intermediate values 
of the pitch of the teeth are required. For machinery 
of less size, as clocks, watches, <&c., the wheels are not cast, 
but cut out of discs of brass or steel by a cutting engine. 
In conical or bevel- wheels the pitch circle is the base of the 
frustum. 

Exanmle 1. — A spur-wheel is required to have 60 teeth ; 
requirea the diameter of the pitch circle, the pitch of the teeth 
being 2 inches? 

By equation, (1) : 

- w» 60x2 

a = — = ^ ., .^^ = 38*196 inches, the diameter required. 
ft 31416 ^ 

Ex. 2. — The diameter of the pitch circle is 24 inches, and 
the pitch of the teeth 1 J in. ; required the number of teeth 
in the wheel? 

By equation, (2) : 

frd 31416x26 ^^ , . , 

» = — = TT i= 60 = number of teeth. 

p li 
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JSr. 3. — A. wheel is 61 inches in diameter and has 96 
teeth ; required the pitch of the teeth? 
By equation, (3) : 

vrd 31416x61 ... ., ... . , 

j»= — = 5^ = 2 inches, the pitch required. 

48. To find the number of teeth cmd diameter of the pitch 
eireh by WilUs's Table, Art. 73, Prwi. of Mecham^m, 

Example 1. — A wheel has 21 teeth of 2-in. pitch ; required 
the diameter of the pitch circle? 

Here the factor, in the third column of the tahle, cor- 
responding to the given pitch is '6366, which multiplied by 
21 gives 13*35 inches, the diameter required. 

Ex. 2. — The teeth of a wheel 4 ft. diameter are li in. 
pitch ; required the numb^ of teeth ? 

Here the factor, in the second column of the table, cor- 
responding to the given pitch is 2*5132, which multiplied 
by 48, the diameter in inches, gives 120^ the number of 
teeth required. % 

THE TEETH OP WHEELS. 

49. The formation and arrangement of tlie teeth of 

wheels constitute an important and interesting branch of 

this subject, and many eminent mathematicians nave tl^ere- 

fore been led to investigate the nature of the curve which 

should form the flanks of the teeth of two wheels revolving 

in contact, so that the force may be conveyed from one 

wheel to another with a constant velocity ratio, and with the 

least friction or rubbing. The curves that have been found 

the most effectually to answer the required conditions are 

the epicycloid and the involute of the circle. Learned 

investigations on this subject are given in JProf Willis's 

Mechcmism and Buchanan's Treatise on Machvnery ; but as 

these curves are not easily described, and as the small 

portions of them, which a^ required in the length of a 

tooth of a wheel, will make so near an approach to an arc 

of a circle that the difference is practically imperceptible, 

these arcs are therefore now commonly used for the purpose, 

taking care to determine correctly the radius of curvature, 

and the position of the centre of the arc. For this purpose 

"Brof Willis has invented an instrument which he calls the 

Odontogrcmh, or tooth-describer, by which the circular arcs 

for the £anks of the teeth of wheels are expeditiously 

described, and with sufficient accuracy for practical purposes. 
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This iiiBtniment is at present used in most 6f the besi 
£Eictories with complete success. \ 



THE ODONTOGEAPH. 

" The opposite figure represents the Odontograph exactly 
half the size of the original ; but as it is merely formed out 
of a sheet of card-paper, this figure will enable any one to | 
make it for use. The side n t m, which corresponds to the^j 
line Dy in the following figure, is straight, and the line ! 
T c makes an angle of exactly 76° with it, and corresponded! 
to the radius a d of the wheel, the side n t m is graduated | 
into a scale of half inches, each half-inch being divided into | 
ten parts, and the half-inch divisions are numbered both 
ways from t." * 

50. " One example will show the method of using this 

instrument. Let it be 
required to describe the 
form of a tooth for a wheel 
of 29 teeth, of 3 inches 
pitch. Describe from, a 
centre a, an arc of the 
given pitch circle, and 
upon it set off d b, equal 
to the pitch, and bisected 
in m. Draw radial lines 
DA, E A. For the are 
within the pitch cjrcle 
apply the slant edge t c 
of tne instrument to the 
radial line a d, placing its 
extremity d on the pitch 
circle, as in the figure. In 
the table headed. Centers 
for the Flanks of Iketh, 




i 



look down the column of 3 inch pitch, and opposite to 30 
teeth, which is the nearest number to that required, will 
be foimd the number 49. The point g indicated on the 
drawing-board by the position of this number on the scale 
of equal parts, marked Scale of Centers for the Flanks of 
Teeth, is the center required, from which the arc mp must 
be drawn with the radius gm. The center for the arc mn, 
or face, which lies outside the pitch circle is formed in a 
manner precisely similar, by applying the slant edge of the 
instrument to the radial line e a. Tke number 21 obtained 
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TABLES SHOWING THE PLAGE OP THE 
CENTERS UPON THE SCALES. 

CBITTEBS FOB THE PLAITKS OF TEETH, 



•a « 



13 

14 

15 

16 

17 

18 

20 

22 

24 

26 

30 

40 

60 

80 

100 

150 

Rack. 



Pitoh in Inches. 



129 
69 
49 
40 
34 
30 
25 
22 
20 
18 
17 
15 
13 
12 
11 

• • • 

10 



u 


14 


If 


2 


n 


2i 


160 


193 


225 


257 


289 


321 


87 


104 


121 


139 


166 


173 


62 


74 


86 


99 


111 


123 


50 


59 


69 


79 


89 


99 


42 


60 


59 


67 


75 


84 


37 


45 


52 


59 


67 


74 


31 


37 


43 


49 


56 


62 


27 


33 


39 


43 


49 


64 


25 


30 


35 


40 


45 


49 


23 


27 


32 


37 


41 


46 


21 


25 


29 


33 


37 


41 


18 


21 


25 


28 


32 


35 


15 


19 


22 


25 


28 


31 


• •'• 


17 


20 


23 


26 


29 


14 


• • • 


• • • 


22 


25 


28 


18 


16 


19 


21 


24 


27 


12 


15 


17 


20 


22 


26 



12 

15 

20 

30 

40 

60 

80 
100 
150 
Rack. 



6 

7 
8 

• • 

9 



10 



6 

7 
8 
9 

• • • 

10 
11 



12 



7 
8 
9 
10 
11 
12 
13 

■ • • 

14 
15 



9 

10 
11 
12 
13 
14 
15 

• • • 

16 
17 



10 
11 
12 
14 
15 
16 
17 
18 
19 
20 



11 
12 
14 
16 
17 
18 
19 
20 
21 
22 



12 
14 
15 
18 
19 
20 
21 
22 
23 
25 



3 



386 

208 

148 

191 

101 

89 

74 

65 

59 

55 

49 

42 

37 

35 

34 

32 

30 
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15 
17 

18 

21. 
23 
25 
26 

• • • 

27 
30. 



190 



180 



NJB. This figure is half the size of the original. 
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from the lower table, will indicate the poBition / of the 
required center upon the lower scale. In using the instru- 
ment, it is only necessary to recollect, that the scale 
employed and the point m always lie on the two opposite 
sides of the radial Ime to which the instrument is applied. 
The curve n mp is also true for an annular wheel of the 
same radius and number of teeth, n becoming the root and 
p the point of the teeth. For a rack, the pitch line 3> Js 
becomes a right line, and d a, e a, perpendiculars to it, at 
a distance equal to the pitch. 

Numbers for pitches not inserted in. the tables may be 
obtained by direct proportion from the column of some other 
pitch : thus for 4-meh pitch, by doubling thpse of 2-incli, 
and for half-inch pitch by halving those of inch pitch. Also, 
no tabular numbet^ are given for twelve teeth in the upper 
table, because within the pitch circle their teeth are radial 
lines.*" — ^rof, Willis'^ Jfechamsm, Arts. 142 and 143* 

• " In fact, in the actual instrument I have insertecl columns for ^, 
i; h h ft ^^^ 3i pitch, which are omitted in the fig. for want of room,' 
and are indeed scarcely necessary, as the numbers are bo easily obtained 
from the columns given. 

It is unnecessary to have numbers corresponding to every wheel, for 
the error produced by taking those which belong to the neare^ as 
directed, is so small as to be unappreciable in practice. I have calcu- 
lated the amount and nature of these errors by way of obtaining a 
principle for the number and arrangement of the wheels selected. It 
is unnecessary to go at length into these calculations, which result 
from very simple considerations, but I will briefly state the results. 

The difierence of form between the tooth of one wheel and of 
another is due to two causes, (1) the difference of curvature, which is 
provided for in the Odontqgraph by placing the compasses at the 
difiTerent pointsof the scale of equal parts, (2) the variation of the angle 
DAE (fig. to Art. 50), which is met by placing the instrument upon 
the two radii in succession. The first cause is the only one with which 
these calculations are concerned. Kow in 3 inch pitch the greatest 
difference of form produced by mere curvature in the portion of tooth 
which lies beyond the pitch circle, is only '04 inch between the extreme 
cases of a pinion of twelve and a rack, and in the acting part of the arc 
' within the pitch circle is *1 inch, so that as all the other forms lie 
between these, it is clear that if we select only four or five examples 
for the outer side of the tooth and ten or twelve for the inner side, 
that we can never incur an error of more than the 2^th of an inch in 
8 inch pitch by always taking the nearest number in the manner 
directed, and a proportionably smaller error in smaller pitches. But 
to ensure this, the selected numbers should be so taken, that their 
respective forms shall lie between the extremes at equsd distances. 
Kow it appears that the variation of form is much greater among the 
. teeth of small numbers than among the larger ones, and that in &ct 
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aim&EOirs. 

51. The circular portions of shafts or axles, upon which 
wheels revolve, are called gudgeons. 

The gudgeons in cast-iron axles are simply parts, or the 
extremities, of the axles turned exactly circular in a lathe. 
The circular aperture, in which the gudgeons turn, are 
called brasses; which are made of a composition of copper 
and tin, and are very durable as well as not readily worn by 
the friction of the iron axles. The beams in which the 
brasses are fixed are called hearings, 

52. When iron gudgeons are fixed in wooden axles the 
connection will be secured in the most durable manner by 
forming the .guc^eon y with cross-flanges 
a, &, c, d, upon it ; these flanges are let into 
the end of the wooden axle, by means of a 
mortise made for the purpose, the cross- 
flanges being wedge-shaped, and having the 
&ont edge thinner than the back, that it 
may be driven tightly into the end of the 
axle, which is bound with a strong iron 
hoop to prevent the gudgeon from slipping. 

63. In vertical axles, whether of ^ood or cast-iron, the 
lower ends of the gudgeons (which have to support the 
weight of the axles, &c.) are made of a heioispherical form. 

GOTJPLIKa Of HOBIZONTAL AXLES. 

54. When motion is to be conveyed by an axle to a 
considerable distance, or when the motion of a part of the 
axle is occasionally required to be discontinued, a eowplvng 
of the following form is commonly 
used. The axles a and b are ter- 
minated with cu-cular heads m and 
n, on which projections and in- 
dentations are formed, so that the 

the nnmbers in the two foUowing series are bo arranged that the curves 
oorresponding to them possess this required property. 

For the outer side of the tooth, 12, 14, 17, 21, 26, 34, 47, 78, 148, Rack. 

For the inner side, 12, 13, 14, 16, 16, 17, 19, 22, 26, 83, 46, 87, Rack. 

Now these numbers, although strictly correct, would be very incon- 
venient and uncouth in practice if employed for a table like that in 
question, where convenience manifestly requires that the numbers, if 
not consecutive, should always proceed either by twos or fives, or by 
whold tens, and so on. They are only given as guides in the selection, 
and by comparing them with the actual table, their use in the formation 
of the first column will be evident." 
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former shall exactly fit into the latter, as shown in the fig. 
The gudgeon y of the axle a rests on its journal c ; some- 
times the axles on both sides of the coupling rest on journals. 
When the axles are required to be disengaged, one of them 
is moved in the direction of its length, till the projections, 
of m be cleared of those of n. 

Note. Various forms for the coupling of axles have been proposed, 
(See Buduinan on Machinery) but none of them have been found so 
efficient as the one here shown ; for should the bearings yield slightly 
through any settlement of the building or other cause, this coupling 
will admit of the derangement, and still transmit the motion from one 
axle to another. 

COUPLINa OF VERTICAL AXLES. 

65. Here a represents part of the under 
shaft or axle, b the lower end of the upper shaft, 
c the journal; the termination of A is made 
square, to correspond with which there is a 
socket formed in b, which answers the pmrpose 
of a coupling-box. The shaft b is disengaged 
by lifting it verticaUy with a lever. 

Note, This is a veiy good and simple mode of coupling upright 
shafts. It is held together by the weight of the shaft B, together with 
that of the wheels that may be upon it, and is not apt to get loose in 
the socket; which is found to be the case when this kind of coupling is 
used for shafts lying horizontally. A great many other schemes for 
couplings have been introduced, for which see Bvich<man on Machinery y 
but the one just described is considered the best. 

hooke's joint. 

56. This joint, usuaUj called the universal joint, furnishes 
another method of coupling axles, which are not exactly in 
the same direction, but which meet when prolonged. This 
joint has to a certain degree the property of being flexible 
in all directions. The two axles are a a and b h, the ends 
of which are formed like forks, which work on pivots at 

the extremities of a cross CDcd^ as 
shown in the fig. ; sometimes the 
pivots are fixed at right angles on 
the circumference of a hoop, or on 
the surface of a solid ball. The 
moving parts are evidently alike in 
all these cases. 

Note. This joint is sometimes used to transmit motion instead of 
bevel gear, where the angle of the shafts does not exceed 20 or 25 
degrees, and where the number of their revolutions are to be the same ; 
also where exact equality of motion is not required ; for as the shaft6 
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recede troat a. right line, its motion becomeo irr^ulu-. In these cases 
this joint is much, uaed far couplings; w it allows for the inaccuracy 
whic^ arises from the settling of franiing or the wearing of brBBaea, in 
which cases no irregularity of motion can arise to be hurtful in practice. 
In thraahing machmeB it ia also used in the axles of the upper rollers, 
to allow them to rise and &11 according to the varying thidineas of Ute 
ebeaves. 

57. Wten Hooke'e double univertal 
Joint is used, a much greater incliuation ' 

of the shafts can be admitted; care, 
however, must be taken that the two 
sbafta AS, B$, may meet wheu prolonged, 
and that the angles they make with the 
iutermediate piece c d may be equal. 

FEICTIOH WHEELS. 

58. These wheels are used in delicate pieces of mecbanism, 
where it ia required to reduce the friction of the gudgeons 
of the wheels aa far as possible. 

Mere tbe gudgeons of the large 
wheel rest between four friction 
wheels. As the large wheel re- 
Tolves, its gudgeons communi- 
cate by rolSng contact a slow 
motion to the four friction wheels, 
so that the friction ia transferred 
to the gudgeona of the four 
friction wheels, thus greatly re- 
ducing the friction by the slowness of the motion of the 
friction wheels as well aa by throwing the pressure of the 
rubbing surface on eight gudgerais instead of two. 

THE EKGAGEHENT AND DISENGAGEMENT OE MACHINEET 
WHEN IN MOTION. 

59. In order to engage or disengage machinery when in 
motion, one of the wheels, instead of 

being fast to the axle, has a round bush 
like a loose pulley, and a clutch or 
bayonet, which connects it with its aile ; 
thus the wheel a has a bush, and works 
on a round part of tbe shaft b; the 
clutch D slides on a square part □ of the 
eame axle, and is engaged or disengaged 
at pleasure, by means of the lever e r ; 
when the teeth of the clutch d are thus 
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made to engage the correepondmg teeth fixed on the side of 
the wheel a, then a aad d revolve together. 

60. Wheels are oftea disengaged and re-engaged b; 
meanB of one of the bridges 
A B, which carriea the end 
of the ' Bhaft nearest the 
wheel, the bridge a b acting 
as a lever having its fulcrum 
at B; the other end a is 
moveable, and is raised l^ 
applying a lever at c, and 18 
held out of gear bj a wedge 

or by a catch under the end of the bridge. 

Note, When a. machina U in motion, we may, with perfect safety, lift 
a wheel imt of gear ; but in throwing wheels info gtar, when in motion, 
there is a great risk of breaking the teeth; it it nereFtheleBB often 
done. The rink of breaking the teeth is much leaa when the wheel to 
be thrown into gear is previouBljr set in motion fay the hand, bi the 
inettik of the wt««l !■ obvioualy leaaened. 

61. The SUdiny FulUy ' is one of the oldest schemes for 
engaging and disengaging a machine moved by a band or 

belt. iSie pulley p, which gives motion to 
the machine, is not fiied on the axle a b, 
but has a hollow cylindHcal bush made of 
metal, accurately fitted to the axle, so that 
it may revolve freely upon it, and slide a 
little backward and forward. In ord^ to 

imake the pulley p cany round the axle a b, 
there is a cross-piece or gland de firmly 
fixed to it. On the side of the pulley 
towards the cross-piece u £, there is one or 
more teeth t, and when p is moved towards 
D E by the lever g 0, the teeth lay hold of 
it, and thereby cany round the aide. By sliding it back- 
wards, the teeth t are disengaged from d e, of course the 
pulley stops, and with it the machine to which it gives 
motion. 

62. Muf and Jm»e Pullers. — The pulley b is fixed to 
the axle a, and the pulley c, having a bush, ia loose ; the 
belt or band, which conveys the motion, may be shifted &om 
one pulley to the other either by the hand or by a lever. 

■ The nature of the puUey is explained in the following chapter. 
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Wlieu numing on the looee pulley 0, the oile etuidB still ; 
when on the fast pulley B, the axle revolves. 



Hole. This coQtri»»oce of the bat and looae pul- 
Igys is remarkable for its beautiful Bimplicit; ; the 
engagemeot or disengagemeDt of the machuieij is 
■ttended by no shock, And it ia perhaps the moat 
parfect thing jet invented for the purpoae, in Mil 
cases where it can be applied. Its application in 
cottoD-mills ia now general, and the spinning mulea 
wero norer found to give wtisfiiction nntl it wm 

63. Fh/ Wheel Oovfling. — The marginal figure repre- 
eenta a coupling;, which is Jrequently us^ to convey, motion 
from the fly-wheel shaft of a steam-engine ; ._ , 
and is so contrived, that in caae the fly Bhould 
turn the wrong way, the mill-work remains at 
rest, and thus prevents accidents. This effect 
is produced by meana of a joint o, on the arm 
B, i^iembling the joint of a carpenter's rule. 
"When the fly-wheel turns the proper way, the '• 
arm s, on the end of the fly-Bbaft a, acts ' 
aeainst the face of the arm b, on the mill- 
Boaft F ; and as the joint does not yield in that direction, 
the mill-shaft is carried round with the fly-shaft; but if, 
from any accident, the fly turns the wrong way, the arm d 
Btrikes the back of the arm b, the joint yields, and the mill 
remains at rest. 

64. SnffagementofWkeeUfevolvingia&ppontedirectioju. 
— ^The two bevel-wheela a and b revolve loose upon bushes 





on the aile m if, and are driven in opposite directions by the 
bevel-wheel o ; either of these wheels ab may be engaged 
with the axle m » by means of the sliding-piece s being 
raised or depressed by the double lever h r k l, which turns 
on the fulcrum f. The sliding-piece s being thus made to 
lay hold of the teeth a a or bb, the ^q m K may be 
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reBpectivelj made to revolre in oppoBite directions. An 
ezcentric wheel or camb X, moved by the machiaeij, mar be 
used to move the lever, and bring x and b alternately into 
gear. 

CONCENTEIO WHEELS. 

65. Two Beparate wheels a and b may revolve concen- 
trically, that is, on the sfline axle ; the 
wheel B ia fixed to the axle C c, and the 
wheel A to a tube or cannon d, which 
turns freely on c c, both a and B being 
turned by E, the three cones having a 
common apeip. It will be seen that a 
aad B revolve in opposite directions ; uid 
since e is an idle wheel, the velocity 

ratio of B to A will depend on their respective number of 
teeth. 

66. 3%e Sour and Mnute Scmd« of a Clock or Watch.^ 
■ In this coae the concentric wheels are required to revolve 

in the same direction, and four wheels are neceaaary. The 
wheel E is fixed to the axis f, and the wheel f to a 
cannon C revolving freely on the axia r. The minute 
hand H is fixed to the axis f, and the hour hand to the 
cannon 0. The driving wheel communicates motion to the 

wheels e and f, which are fixed on the same 

axis, and f communicates to the cannon c. 

Let E have 12 teeth, e 36, F 10, and / 60 ; 

then, by Art. 30, 




e's vel.__M'8vel. 
f'a vel. h's vel. 



36x40_ 
' 12 X 10 " 



12 



that is, the minute hand m makes 12 revo- 
lutions while the hovr hand makes one. 

Note. Vuioua other numbers may be given to the 
teeth ef the wheels to produce the same result ; thus, 
if ti» -wieels E e have equal numbers of teeth, the wheel / must have 
12 idme« the number of the wheel f. 
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67. A Pulley is & small wheel a b moveable about an axis 
paaeing; through its centre C ; in the circumference of the 
wheel is a groove to admit a rope or flexible chain. The 
pulley is caUed fixed or moveable, according as 

its axis is Axed or moveable. A force F I 
drawing tbe cord p a b w causes the pulley to I 
turn ou its ads o, and draw up the weight w, I 
attached to the other end of the cord, the I 
weight w ascending through a apace equal to I 
the descent of the force or power s, and the I 
space described by the circumference of the I 
pulley being equal to the space deecended by p. 

68. An Endlegg Cord or Sand passes round the fixed pulleys 
or wheels a and b (fig. 1), and when one of the wheels, as 
A, is turned round, motion ia transmitted by the band to the 
wheel B. The circumferences of the wheels have the same 
velocity, since the band is in continued contact with both 
A and B ; therefore, if u be the number of revolutions made 
by the wheel b, and r its radius, n the number of revolutions 
made by the wheel a, and b its 
radius; then 

n^r (^> 

or the number of revolutions, made 
by the wheel b, while a makes one 
revolution, (since in this case n = 1), 



If the wheels be equal they will 
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revolve round in the same time ; for if in equation (2), k =:r, 
there results n = 1. 

The band may be dtreet^ as in fig. 1, or it may be crossed, 
as in fig. 2. In the former case the wheels jl and b vdll 
both turn in the same dtrecUan, and in the latter case the 
wheels a and h turn in opposite directions. 

69. When a thick band is passed over a wheel, its inner ^ 
surface is compressed, while the outer surface is extended, 
the centre of the band alone remaining in the original state 
of tension ; hence the radii of the wheels, to which rotation 
is imparted by the band, are extended by half the thickness 
of the band, which half thickness must be added to each of 
the radii in computing the number of revolutions. Let 
i = i thickness of the band, then equations (1) and (2) 
become respectively, 

V n-^t n + t 

-=_ (3) K = — (4). 

JEcMmple 1. — A pulley a of 8 inches radius communicates 
rotatory motion to pulley b of 2 inches radius, by means 
of a thin band ; how many revolutions will be made by b 
while A makes one revolution ? 

By equation (2), Art. 68, 

N = number of revolutions = - = ~ = 4. 

r 2 

JEx. 2. — "When the motion of the pulleys a and b, in the 
last example, is communicated by a cord 1 inch in thickness ; 
required the number of revolutions made by b while a makes 
one revolution ? 

Here the \ thickness of cord t = \ inch must be added to 

each of the radii of the pulleys, whence by equation (4), 

Art. 69, 

E + # 8.Hi 17 ., 
N = number of revolutions = — — - = - — -. = -— = S*, 

which is f of a revolution less than in Ex, 1, arising from 
the thickness of the cord. 

Note. " Motion, communicated by cords, bands, or straps, is remark- 
ably smooth, and free from noise and vibration, and on this account, as 
well as from the extreme simplicity of the method, it is always preferred 
to every other, unless the motion require to be conveyed in an exact 
ratio. As the communication of motion between the wheels and bands 
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18 entirely maintoined by the frictional adhesion between them, it may 
happen that it may occasionally fail through the band sliding on the 
pulley. This, if not excessive, is an advantageous property of the 
contrivance, because it enables the machinery to give way when 
nnnBnal obstructions or resistances are opposed to it, and so prevents 
breakage and accident. For example, if the pulley to which motion is 
commnnicafced were to be suddenly 8top{>ed, the driving pulley, 
instead of receiving the shock and transmitting it to the whole of the 
machinery in connexion with it, would slip pound until the friction of 
the band upon the two pulleys had gradually destroyed its motion* 
But if motion is to be transmitted in an exact proportion, for example^ 
such as is required in clock-work, where the hour hand must make one 
exact revolution while the minute-hand revolves exactly 12 times, 
bands are inapplicable ; for supposing it practicable to make the pulleys 
in so precise a manner that their diameters should bear the exact 
proportion required, which it is not, this liability to slip would be &taL 
Bat in all that large class of machinery in which an exact ratio is not 
required to be maintained in the communication of rotation, endless 
bands are always employed, and are capable of transmitting great 
forces."— Pro/. WiUiis Mechanitm, Art 178. 
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VOBMS or FULLISYS. 

70. TTie Form of the Pulley on which an endless band is 
to act is of importance, since the adhesion of band to the 
pulley is thus greatly influenced. 

Bound bands of rope, catgut, &c., or even chains, require 
an angular groove, as a, into which 
they are forced by tension, and 
thus grasp the pidley more firmly. h - h h 

When soft cords or bands are ^ '''P M _ P C 
used, sharp short spikes are fixed 
round the bottom of the grooves, 
as in B ; these spikes prevent the 
band from slipping, but at the same time gradually wear 
it out. 

" If a tight flat belt run on a revolving cone, it will advance 
gradually towards the base of the cone, instead of sliding 

towards its point, as might be expected at first sight." 

" Advantage is taken of this curious property in forming the 
pulleys for straps, which are made in the form represented 
m the pulley n, which is a little swelled in the middle. 
This slight swelling is more eiFective in retaining the belt 
than if the pulley had been furnished with edges, as in o ; 
and the form of d, besides its greater simplicity, enables the 
belt to be shifted easily ofi" the pulley. In fact, when a pulley 
of the form c is used, the belt will generally make its way 
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to the top of one of the side disks, and remain there, or 
else be huddled up against one or other of them, but will 
never remain flat in the centre of the rim, if there be the 
slightest difference of the diameters of the two extremities 
of the cylinder. In order to bring the belt into contact 
with as much as possible of the circumference of the pulley, it 
is better to cross it, as in Art. 68, fig. 2, whenever the nature 
of the machinery" will admit of .so doing." — See JBrof. 
WUlia^s Mechanism, Art. 181, where further information on 
these subjects may be obtained. 

aEAEIKa CHAINS. 

71. When a wheel is required to re- 
volve uniformly, and presents such con- 
siderable resistance to* motion as to 
cause straps or bands to slide upon it, 
gearing chains of various forms are used. 
The margiual fig. shows a wheel or 
pulley, (similar to the section b, fig. to 
Art. 70,) where the alternate links of 
the gearing chain lay hold of the spikes fixed in the 
circumference of the wheel. 

r The lower fig. presents another 
Mjrm of the gearing chain, from 
Machette, in which the links are 
riveted together, somewhat after the 
qianner of a watch-chain, the links 
having pointed spikes or teeth, which 
enter the notches made on the edges 
of the wheel, and thus effectually 
prevent slipping. 

FIXED ilTD MOVEABLE PULLETS. 

72. PuUeys are c^5^ fixed ^ or moveable, according as 
their axes are Jia:ed (Jr moveable } thus, n c is a fixed pulley 
and B A a moveable ote. In thq annexed fig., it is evident 
that the rope podJabh must have the same tension 
throughout its lenglm, and that this tension must be equal 
ito the power p, and eince .the tensions of the two parts of 
^ the rope a n, b h are each equal to p, the weight w, suspended 
from the axis of the |)ulley a b, must be necessarily equal to 
8 p in case of equilibrium. . If w with its pulley a b ascend 
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ft feet, the cords ad, be will each be shorteiied n feet; 
hefice the rope op will be lengthened 
2 n feet ; that is, 

p'b vol. = 2 X w'sTel., 

and it has been already Bhown that 

2p = w. 

tackles of pullets. 

73. The aame principle maybe applied 

to a system or combination of pulleya, 

called a tackle, all drawn by one cord, 

passed over an equal number of fiied 

uid moveable pulleys, colled hlockt of 

pulleys. In fig. 1, (next page) p : w : : 

1 : number of pt^ts of the cord passing 

over the moveable block. Therefore, 

since the number of parts of the cord 

going over the moveable block is 4, we shaU have 

P : W : : 1 : 4, 



Ajid generally, if the number of these parts of the cord be 



Also, on tbff' same principle, in fig. 1, 
p'b vel. = 4 X w's vel. 



p's vel. = n X w's veL 



74. In fig. 2, the weight, being sustained by 3 cords, is 
equal to 3 times the power ; and generally, if the number of 
parts of the cord (passing over moveable puUeys) be n, 
then 

(» + 1) p = w, 
and p's vel. = (ra + 1) w. 

73, In the pulleys hitherto described only one rooe has 
be«i introduced; we have now to consider the effect of 
Bereytl distinct ropes in the same system. Pulleys containing 
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more than one rope are called l^tanith bartont. Sucli a 

K'sm is r^rawnted ia &g. 8, contuning two ropes, 
tsnnga of the rope p b a d is evidently equal to 
&» power; ccowquently the portions ab and ad most 



each auBtain a portion of the weight equal ( 

The rope c b suBtaine the tenaiona of b f : 

therefore the tension of b c a must equal twice tne power. 

The united tenaiona of the ropea which support the pullej a 

amount therefore to four times the power. 

76. In the combination, fig. 4, a cord paaaes over the 
fixed pulley e, under the moveable pulley d, and is fixed to a 
hook at 1. Another cord ia fixed at d, goes under the move- 
able pulley c ; and is fixed to the book at 2 ; an<^ bo on. 
From Art. 55, 

the weight at s = 2p, ■ 

the weight at c = 2 x wt. at D = 2' p, 

the weight at b = 2 x wt. at c = 2' p ; 

and if the number of moveable puUeya be n, then 

2''p = w 

and p'a veL = 2" w's vel. 



' c^ moveable puUers be 4, as 
' 100 lb. ; required the weight ? 

;16001b.=:w. 

itrisgs in this sjHtem ia ihown 
iks, theBe tenaiouB being t, 2 p, 

wUB npidl; In this rfttem, being 
' movMible polley ; thia advantage 
. than coimterbaUnced by the veiy 
iloclu, tlie motioQ ma; be oantinued 
>me into contaot. But in this ayatem 
till D and B conne into contact, at 
e &F apart, because o rises only half 
1 A. only onfr«ightk aa faat, Hence 
1 amoll portion of the whole height 
iccoidiogly entails a great waste of 



Fll,G. 
KLE. (Fig- 5.) 

. 75, fig. 1, revolve with widely 
to the quantity of rope passing 
tn enocmouB inequautjr in the 
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wear o{ the axles, as well as different amounts of £rictioa 
against tlie sides of the blocks ; to remedy these defects^ 
"White's Tackle (from the inventor's name) was suggested ; 
in which the pulleys were made to differ in size, in proportion 
to the quantity of rope to be passed over themt thus 
causing them to revolve all in the same time, the pulleys 
on the same block requiring no divisions between them^ 
By tracing the different velocities of the rope on the blocks 
in figure 6, and by supposing the lower block to ascend 
one foot, it will be readily seen that the puUeys on thet 
upper block, beginning with the least, throw off respec* 
tively 1, 3, 5, &c., feet of rope ; while the corresponding 
pulleys in the lower block throw off 2, 4, 6, &c., feet, respec- 
tively. Therefore, the radii of the pulleys in the upper block 
must be proportioned as the numbers 1, 3, 5, &c., and the 
radii of those in the lower block as the numbers 2, 4, 6, &c.^ 
so that they may all revolve exactly in the same time. 
The pulleys in each block may, therefore, be all formed by 
cutting several grooves upon the face of one solid conical 
wheel ; and by passing the rope successively over the grooves 
of such wheels, it would be thrown off in the same manner 
as if each groove were upon a separate pulley, and thus all 
the inequality of wearing and friction would be avoided, 
except the uniform friction at the axes of the two blocks, 
which would be comparatively small. 

If the rope be tied to the upper block, the proportions of 
the radii oi the grooves of the two blocks must be reversed. 

Note. In these cases the effect of weights of the blocks and pulleys 
have not .been noticed : in most cases it will be found that their weights 
act against the power, which is thus diminished according to the 
amount of these weights. 

GUIDE PULLETS. 

78. These pulleys are used to 
change the direction of the motion 
of cords or bands: thus a band 
moving in the direction a n may 
have its path changed to the direc- 
tion n B by. guide puUeys. "When 
th6 lines of direction of the band 
meet in one point, n, one puUey will be sufficient, with its 
axis placed perpendicular to the plane of the two lines, a n, 
n B, and the diameter of its groove made to touch the.se lines. 
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If this be not TOnvenient, then two pnlle^B will be required, 
the positions of which are found u follows : 

Thaw a third line, a b, meeting the two former lines in 
uy couTeniont points, a and b, and let thia line be part of 
the p&tAx of the band. Eix, as before, guide pulleys at the 
intersections a and b, the axes of which must he reepectiTely 
perpendicular to the plane of the two directions of the 
band. 

79, " Let A B be two puHeya, whose aies are neither 
parallel nor meeting in direction, and let 
the line c dbt the intersection of the two 
planes of these pulieyH. In this line, 
assume any two convenient points e and d; 
ud in the plane of a, draw ce,d f, tan- ' 
genta to the opposite sides of tbb pulley ; 
also in the juane of b, draw e g, d h, 
similarly tangents to the pulley b. This 

C%ss gives the path of the endless 
d, e cghd f,'aL which it may be re- 
tained by the guide pulley at e in the 
plane e c g, and another at i in the 
^\xasfdh." — See Pro/1 Willis's Mechanism, Art. 187. 



WHEEL AKB AXLX WITH: WRAPPIN'O COEDS. 

80. Iiet A, B be the radii 
of the wheel and axle, at the 
extremities of which the power 

. and weight act ; then a b o may 
be considered as a lerer, the 
inlcruni of which is o ; and since 
the power p and the weight w, 
being suspended by cords, act 
perpendiculwly to a c, we shall 
nave by Art. 7, equa. (1) and (2) 

w's vel. ~ B c' 
and PXAc = wxBc. 

81. If the power p act in the direction a p, which cuts 
A o at right angles in d, then there will be an equilibrium 
when^ X OD=w X b o. 

82. When p and w sustain each other by means of a 
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wheel and axle, the thickneaa of the rope by which they an 
sustuned, if cooBiderable, muat be taken into account ; that 
ia, we must add half the thickaeas of the rope to each ol 
the distances at which 7 and w act. Therefore, if b = radiu 
of the wheel, r = radius of the axle, and 2 £ = thicknesa of 
the rope, then we shall have 

p'b vel. _E + ( 

w'a veL ~ r + i' 

andpx (H + i)=wx (r + O- 

THE OAOHXT-WKEEL. 

83. The Sachet-wheel is a simple contrivance for prerenting 
a wheel &om turning except in one 
direction. A catch, c, plays into the 
teeth of the wheel a b, permitting it 
to revolve in the diredaon of o B, but 
preventing any recoil on the part of 
the weight, or resistance contraiy to 
the direction of the power. TbiB 
contriyancB may be connected with 
other machinery by means of teeth, 
instead of cords, or the wheel and 
axle, as in the cases of the tumstileB 
of bridges, &c., where the number of 
turns of the rachet-wheel is required 
to be registered. 

The equations of the velocity ratio and of equHibriom are 
the same in this case as in Art. 80. 



THE WISDLASS ABD ( 

84. In the vmtdlass, the power acts by means of a winch 
or handle fixed on the tale ; the wheel, as in Articles 80 and 
83, being removed, the rope coiling round the axle or barrel 
in the usual manner. 

85. In the capstan, the axle is fixed in a vertical poeitioti, 
and the power is applied by means of handspikes or bars 
inserted mto holes, made for that purpose in the axle, the 
rope coiling round the lower part of the axle, and uncoiling 
itself at the upper part, the axle being of a conical form, 
that the rope may be shifted upwards, when necessary. 

In the windlass, the length of the handle, and in the 
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ci^^etan the length of the handspikes, are the radii on which 
the power acts, the equations of the velocity ratio and of 
equilibrium being the same as in Art. 80. 




THE 'OHINESB WINSLASS. 

86. Let A a be an axis to which are fixed two cylinders, 
B and c, nearly of the same diameter, and let a cord be 
coiled round b, passed under a pulley, n, 
and then brought back and coiled in the 
opposite direction round c. When the a2ds 
A a reyolyes so as to cause the cord to move 
in the direction of the arrow, one end of the 
cord will be coiled round b, and the other 
uncoiled firom c. Now let b = radius of b, 
r = radius of c, and 2 n- = circxmiference to 
radius = 1 ; then, while the axis makes one 
reyolution, the cord on b will ascend 2 n- b, 
and the cord on A wiU descend 2 n- r ; also the 
centre of the puUey n, and weight w, will ascend in the same 
time through half the difference moved by the ends of the 
cord on b and a ; that is, the space ascended by n will 

be = — —: ^=ir (b— r). If a handle be fixed to the 

axis, A a, the length of which is I, and p be the power 
applied to the handle, then the circiimference described by 
this power will be 2 n- Z ; hence, by the equality of moments, 

2 fr Z X P= w (e— r) w, 
or, w (b— r)=2pZ. 

This equation of equilibrium is the same as would result 
if the weight were suspended from an axis a a by a cord 
wrapped round a single cylinder of radius = i (b— r). 

JSxample. — Let b = 3 in., r s= 2| in., and the length of 
handle Z = 20 in. ; required the proportion of the weight w 
to the power p. 

w (3-2i) = 2 p X 20, 

iw=40p, 
w=80p, 

that is, the weight is 80 times the p6Wer, which is very great 
for so simple a machine. 

Note, '* This combination belongs to a daas which has received the 

d2 



By the above equa., 



or, 
or. 
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SPEED PULLEYS. 



name of diffBrenUdl mUUmi, their object being to commnnioate a vezy 
slow motion to a body, or rather produce by a single combination, such 
a velocity ratio between two bodies, that under the usual arrangement 
a considerable train of combinations would be required ^practically to 
reduce the velocity ; for, theoretically, a simple combination will airways 
answer the same purpose. Thus in the above machine, althoug^h 
theoretically a barrel with a radius =}*(b— r) wpuld do as well as the 
double barrel, yet its diameter, in practice, would be so small as to make 
it useless from weakness. Whereas each barrel of the di£Perential com- 
bination may be made as large and strong as we please. If a considerable 
extent of motion, however, be required, this contrivance becomes very 
troublesome, on account of the great quantity of rope which must be 
wound upon the barrels. For by one turn of the differential barrel, the 
space through which the weight is raised = 2 ir (b— r), but the quantity 
of rope employed is the same as that which is coiled upon one barrel^ 
and of that which is uncoiled from the other = 4 ir (b + r). Now, in 
the equivalent simple barrel, the quantity of rope coiled is exactly 
equal to the space through which the weight is moved, and therefore in 
this case = 2 ir (b— r), so that for a given extent of motion, 

rope for differential barrel b 4- ** 
rope for common barrel b — r 

when B-r is by hypothesis very small' This inconvenience has been 
sufficient to banish the contrivance from practice, for although it is 
represented in all mechanical books under the name of Chinese windlass, 
it is neyer used in practice. — See Prof, WUlis^s Mechcmsnif Art 401. 



SPEED PULLETS. 

87. Speed pulleyg are used for changing the velocity of 

machinery, as in lathes, &c. A series of 
pulleys, gradually increasing in size, is 
mounted on an axle, and on the spindle of 
^ the lathe is a similar series, but placed in 
an opposite order, so that -the same length 
of belt will work on every pair of opposite 
pulleys, according to the speed required. 

This contrivance is shown in the annexed 
fig., and may be applied to the spindle a b 
or a turning lathe ; o n is part of a shaft 
made to revolve with a regular velocity. 
When a slow motion is required, the belt 
works at EI'; when a greater velocity is 
required, the belt is shifted, by pressing it 
to one side, to another pair of opposite 
pulleys. This contrivance is very simple in 

its construction, and is found of important practical use in 

the turning of various substances. 




ALTEBNATE COKES. — VACE-WHESL AJXD BOLLEB. 63 

ALTSBKATB COmSS. 

88. Instead of the opposite series of pulleys, two opposite 
cones, called alternate cones, are iLsed, where a motion eon- 
stantlj varying is required. One of 
these cones gives metion to the other by 
a belt, as shown in the subjoined fi^. ; 
the belt is gradually moved by 3ie 
machinery firom one end of the cones 
towards- the other* a b is the belt, o is 
the guide, which, receiving its motion 
from the machinery, traverses* the belt 
with any veloczfy that the case may 
require) 

Note. It is usual in practice to make i^e two groups of speed pulleys, 
Art 87, exactly alike, as well as the aRemate cones, Aii. 88, placing 
the small end of one set opposite to tiie large end of the other. 





THE ITACfi-WHEEL AJTD BOLLXB. 

89. The face wheel and roller wiU produce the same effect 
as^ alternate cones, and are often used to obtain an adiust- 
able YeL[)city ratio by rolling contact, a b is. the face- wheel, 
B the roller, the directions, oitheir axes 

meeting one another. The edge of the 

roUer, c, is covered with a narrow 

belt of soft leather to make it adhere 

more firmly to the £Eice*wheel^ and is 

80 mounted on its axis that it can be 

madb to B&de at pleasure to different 

distances from the axis of the &ce- 

wheel. The roUer o, with its axis, will therefore receive 

from A B a rotation by rolling contact, which may be varied 

to suit the required purpose. Eor fturther information on 

this subject, see JProf. Willises Mechanism, Art. 480 ; and 

Buchanan on Machmery, Art. 423. 

The velocity ratios, in Arts. 87, 88, may be found by 
Art. 67, by using the radii of the pulleys or those of the 
parts of the cones, with which the belt is in contact ; and 
the velocitv ratio in Art. 89 may be found by using the 
radius of the roUer e and the adjusted radius on the fSEU^e- 
wheel A B. 

90. When a system of wheels and axles are continuously 
connected by bands or belts, instead of teeth, as in the 
figpxe to Art. 31, their relative number of revolutions or 
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yelocitjr ratio may be found by the eaoation eiyen in thai 
article just referred to, whence the conditions of eqiulibrium| 
may be at once deduced. 



TABIABLE YELOOITIES. 

91. Let p Q be cord connecting the two 
excentric wheels or curves, the centres of 
motion of which are a and b; then thei 
cord F Q will be a common tangent to the| 
two curves at f and q ; let mn. the per- 
pendiculars AVj B a upon F Q prolonged, 
if necessary ; then ttie velocity of the cord 
will be equal to the velocitjr of the points 
F and Q on the edges of the wheels or 
curves, and by Frof, WilUa's Mechanismy 
Art. 38, 

ang. vel. of af _ b g' 

ang. vel. of b <j " Ajp' 

that is, the amular velocities of the two 
wheels or curves are to each otMr inversely as theperpen- 
dieulars from their respective centres of motion upon their 
connecting cords. 




TABIABLE TELOCITY BY AN XliTDLESS BAND. 

92. When an indefinite number of variable rotations is 
required to be communicated fix)m an axis a to another 

axis B, an endless band or cord pq c 
may be used, a is the axis of the 
driving pulley, the edge of which is 
curved so as to adapt to produdng the 
required variable velocity; thefoUower 
B IS a circular pulley fixed on its 
^^♦^ centre; the baad passes under a 

stretching pulley o, having a weight 
suspended from it, which keeps the 
band continually stretched. Now, if the axis a revolve 
uniformly, in consequence of the varying radius of ita 
pulley, a continually varying length of cord wUl pass to the 
pulley B, which will therefore &ve a variable motion, the 
variations of which will be repeated during every revolution 
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}t the pulley on the axis a. Draw a f>, b q perpendicular 
the cord^ q; then, by the last article' 



ang. vel. of a _ b g' 
ang. vel. of b "" xp' 

rrSEE OE A WATCH. 

93. If the variable motion be required to extend to more 
tthan one complete revolution, it may be obtained by a spiral 

groove formed on the sur&ce of one of the wheels, as in 
the fusee of a watch. The axes 
A a, B 5 are parallel ; A a carries a gp^^ ^j|f 

solid pulley, called a fiisee, upon the feJB jb' pii« 
surfiM^e of which is a spiral groove ; » i 

on the axis b & is mounted a plain 

cylinder; a cord or chain goes round the cylinder, and, 
extending to the fiisee, winds round its spiral groove, the 
extremities of cord being fixed at the top of the fiisee, and 
at the bottom of the cylinder. Now, when the cylinder 
is turned unifoniily round, the fusee, by means of the cord, 
will be turned round in the same direction, the velocity 
ratio of the two axes will vary inversely as the perpendiculars 
from the respective axes upon the direction of the cord. 

Note. In watches and other time-pieces a spiral spring is coiled 
round the axis B h within the cylinder, to give it rotatory motion, and 
that the vaiying force of the spring, as it uncoils itself, may he equalised, 
the cord or chain acts with greater leverage on the spiral of the fusee. 

nOTTBLE EUSEE. 

94. If the fiisee be required to communicate a variable 
reciprocating motion, it may be made double, as in the 
matginal fig., where a a is 
the axis of the fusee; two 
cords are fastened at the ex- ^ 
tremities of the two spirals ' "" 
of the fiisees at a, a, and being 
coiled round the fusee in 
opposite directions, are respectively conducted to n, m, and 
attached to machinery, (not shown in the fig.) the two cords 
leaving the fiisee at the same point. Now, when the axis a a 
revolves, the two cords wiU wrap and unwrap themselves 
upon and from the fusee, evidently leaving its surfaee always 
at the same point. If the axis of the fusee be turned 
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unifonnly, itvill gndiully accelerate the motion o€ the' 
corcU, till they have reached the largest oonvolutioa of the 
fusee, and then gradually retard their motion till they reach 
the ends of the convolutionB at a and a. The variable 
velocity ratio of the cords, in coiling from one end of the 
fuBce to the other, will depend on the radii of the different 
points of its epiraL 

NoU. The double fiuee is employed in this maimer u part of th« \ 
mttchinery of the self -acting mule of Mr. Boberto of Uanohester. 

WHEH THE FOVSB AlTD WEI&HT ABB OOHHBCMD BX 
OBLIQUE COBDB. 

95. A cord fixed at h paaaes under the moveable pulley B, i 
and over the fixed pnlley c, the power being applied at the I 



extremity of the cord. The weight w is suspended &om the 
movable pulley B ; then 

w = 2 p COS. 1 n B 0, 

p'a vel. „ , 
- I ; = 2 cos. 1 u B c. 

a vel. 

Deraonttralioii. Dnw tlie vertical line a b, of such a lengtli as to 
represent the weight w, and complete the pafallelagmm a n b ■ ; then 
B D, B K, will represent the tensions of the cord, which are evidanthr 
each equal to the power p, .*. all the aidea of the parallelogram are eqiiu. 
Now, conoeive E D to be joined, b; a line not ahown in the figure, then 
we shall have P:W::B9;ab:: rad. : 2 coa a b d, because the angle 
I s B is the complement of a b B ; whence w = i! r coa a b D ^ S f 
001. Jbbc, and conBequeutlj^jT^-^ = 2 coa. l«Ba 
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CHAPTER V. 



VAKIABLB MOTIOK BY THE ROLLING CONTACT OF WHEELd. 

96. The elementary combinations of wheels, which fonn 
the subject of Chap. II., indude those which are chiefly 
used in neavy machmery, required to move with a uniform 
Telocity, and consequently with a uniform velocity ratio. 
Some of the combinations in Chap. III. are required to 
xaoYC with a uniform velocity, and others with a variable 
Telocity by means of wrapping connectors. In the com«- 
binations that are here to be considered, either the velocity 
ratio, or the directional relation, or both, are made to vary, 
in a deflnite manner, which cannot in every case be obtained 
br means of wrapping connectors, as shown in the Jast 
chapter. 

w . '* Let A P M, a p be two similar and equal ellipses, of 
which 8, H are the fod of former, and 

9 one of the foci of the latter ; and 

let the ellipses be placed in contact at 

any point p, situated at equal distances 

A p, a p, &)m the extremities a, a of 

their major axis, and draw ^ P T the 

common tangent to the ellipses at p. 

Now, by the property of the ellipse, the 

tangent makes equal angles with the 

radii s p, p h ; and because a P = a p, 

and the ellipses are equal, the tangent 

makes the same angles with the radii s p, 

p A/ whence the angles T p h, tT s are 

equal, « p H is a right Hne. A1so«p=sp; 

therefore *p+p h = s p + ph = a m is 

a constant distance, whatever be the dis- 
tance of the point of contact p, &om the 

extremities of the axes major. If, therefore, the foci H s 

be made centres of motion, and their distance equal to one 

of the major axes of the ellipses, the curves will roll together." 





and J = A/nTFTTP — i ? ; 



in which fl+5=major axis of the ellipse, a— J=distance 
between its foci, and n = number of elliptical lobes. 
Ihr the me of those students that we not accustomed to 
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'' The logarithmic spiral or ellipse round the focus appears^ 
to be only two rolling curves toat admit of simple inde-l| 
pendent demonstrations of their possessing this property. "-^- 
See JPrqf. Willis's Mechanism, Art. 269. 

98. " 2h employ rollvng curves in practice. In fig. to i 
Art. 97, let the upper curve (supposed^ to be completed) Jbe*. 
the driver, and let it revolve in the direction from t to ^ ; 
then since the radius of contact s p increases by this motion, 
and the corresponding radius r h decreases, the edge of the 
driver will press agamst that of the follower, and so com- 
municate a motion to it, of which the angular velocity ratio 
will be 

PH 

«p 

But when the point m has reached m, the radii of contact 
in the driver will begin to diminish, and its edge to retire 
from that of the foUower, so that the communication of 
motion will cease." 

To maintain the motion, it will be 
necessary to furnish the edge of the diiyer 
with teeth to' engage with similar teeth 
upon the corresponding edge of the fol- 
lower, as in the annexed ^g.^ and thus the 
communication of continuous variable mo- 
tion will be maintained, tlie distance h s 
being constantly = a AC = a «n s axis major 
of each ellipse. 

TO CONSTErCT CUBVES WITH ELLIPTICAL PBOJECTIONS, 
CALLED LOBES, TO PBODTTCE YABIABLE KOTIOK BT 
BOLLHra CONTACT. 

99. Let it be required to construct a set of three roUing 
curves of one, three, and four lobes respectively, from two 
convenient given distances, I and In, such that 
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9ok>e ailgehraic equationSy these values of a and h may he 
determined hy construction as follows, 

'* Describe the circle a £ o with a diameters/, 
and upon the tangent a n set off a o = ^, a e = 3 A?, 
andAB =4^. Through the centre n of the circle 
draw c, s L, and n l. The cuire of one lobe 
^will be an ellipse round the focus m, (see the fol- 
lowing fig.) whose apsidal distances are cr and 
c 0, and the major axis consequently =c r+o o," 
as shown in the preceding fig. 

" Fop a curve of three lobes, first 
describe a semi-ellipse q, with apsi- 
dal distances eh^ el, respectiyely 
equal to is e, el; (see nrst fig.) 
and from e draw a sufficient num- 
ber of radii el^ ^2, a 3, &c., at 
equal angular distances." 

^To construct the three-lohed curve K, describe a circle 
round the centre e, which divide into six e(jual sectors, each 
one of which will contain half a lobe. Divide each sector 





into as many equal angles as those of the semi-ellipse q, and 
draw radii, upon which set off in order distances equal to 
the radii of the semi-elHpse q, as indicated by the corres- 
ponding letters and figures. Through the points thus 
obtained, draw the curved edge of the semi-lobe, and this 
eurve, repeated to right and left alternately, will complete 
the three-lobed curve.'* 

" To describe the four-hhed curve p, draw a semi-ellipse 
whose apsidal distances are n e, n l, (see first fig.) and 
proceed in a precisely similar maimer as was done in the 
second fig. Q, dividing it and transferring its radials from the 
focus to the semi-lobe dhloi the four-lobed curve p." 
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<< Any two of these cnrres wiU loU together, or, if two ol 
them be made alike, the pair so obtained will roll together.^ 
The angular velocities of these rolling curves wiD 
inversely as the segments into which the point of coni 
divides the line of centres." See J^rcf. W%tli^% MJBcluMnu 
Arts. 260 — ^268, where elaborate investigations of this 
other important subjects may be seen. 

TABIABIiE MOTIOK BY LOBBD-TOOTHED WHJBELS. 

100. The form of the wheels, in the marginal figure, are 

such as to fulfil the conditionB of the 
constructions of the last article, teetb. 
being formed all round the two plates 
to prevent their slipping, which is the 
method always adopted in practice ; as 
in the Cbmetarium, and m the silk- 
mi lis, being an excellent method of obtaining a varying 
velocity ratio. 




VAEIABLE MOTIOK BY AK EXCEITTEIC SPUR-WHEEL. 

101. A method of producing a variable velocity ratio by 
means of spur-wheels, is shown in the annexed fig. The 

wheel, whose centre is a, turns on an 

excentric centre of motion b ; b is 

a wheel required to revolve with a 

5 00==^=^^- — ^ varyiQg angular velocity, while a 

revolves with a uniform velocity 
round the excentric axle b ; o is a 
pinion, the teeth of which are engaged 
with those of a and d, the centre of 
the pinion being carried by the links 
D c, A c, which rise and Ml to suit 
the position of the excentric wheel a, 
the liaks at the same tune keeping; the pinion o in gear. 
The dotted circle shows the range of the teeth of the excen- 
tric, which must be fixe^ to the extremity of its axis, to 
prevent the link a c from striking it in the course of its 
revolutions. "This combination, being wholly formed of 
spur-wheels, is one of the simplest modes of producing a 
varying angular velocity ratio." 
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102. "These wheels were invented by the celebrated 
astronomer Olans Boemar, to efOsct the yarjing motion of 
planetary machines, ao, 3i are two 
parallel axes, of which the lower one is 
provided with a cone o, fluted into 
regular teeth like those of ordinary bevel- 
wlieels^ but occupying the surface of a 
macb thicker frustum of the cone than 
usuiJ. Opposite to this cone is fixed 
upon the axis a a, a smooth frustum n, 
wliose apex J is in the reverse direction, 
and this latter cone is so formed asiust 
to dear the tops of the teeth of o. Upon 
the sur&ce of n are fixed a series of 
teetb or pins, 90 arranged as to fall in succession between 
tbe teeth of c. By pl^in^ these pins at different distances 
from the apex J, we can obtain any velocity ratio we please 
between the extremes ; for if b and r be the greatest and 
least radii of n, and b' and r' of ; then the angular velocity 

B f* 

ratio of c and n will vary between the limits of -7 and — ,; 

the fibrst being obtained by placing the pins dose to the 
lar^e end of n, and the second by fixing tnem at the small 
end; and when the pins are fixed in any intermediate 
position, an intermediate velodty ratio will be obtained." — 
See IBrof. Willis's Mechanism, Art. 280. 




THE XXOEKTBIC CBOWN-WHEBL. 

103. " If the axis be not parallel, a varying ratio of angular 
velodty may be obtained by the excentnc crown-whee). 
This was invented by Huygens, for the purpose of repre- 
senting the motions of the planets in nis Planetarium. 
A B is an axis, to the extremity of 
which is fixed a crown-wheel r, exactly 
lunilar to that represented in the 
figure to Art. 39, only that its centre 
of motion b is excentric to its circum- 
ference. This wheel is driven by a 
long cylindrical pinion n, whose axis 
meets that of a b in direction, and is at right angles to it. 
Now, since the radius of contact of the pinion is constant, 
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while the radios of contact of the hoop yaries at drffereii:fe| 
points of its circumference by yirtue of its excentricitj-. 



9- 
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ibllowB that the angoLir yelocitjr ratio of the axes will vary,* 
*' In Hujgens's machine the pinion is the driver, and i 
supposed to revolve uniformlv, but if the contrivance be 
adopted in other machines, the wheel or pinion may be 
made the driver, according to the law of the velocity 
required." — See Frof. WUlU^t MeehmUm, Art. 281. 
104. " Let H be the centre of motion of the crown-wheel^ 

the centre of its circumference ; o p = b, 
HP=r, KO=E, andangle MHP = ^; then, 
since the axis of the pinion is directed to 
H in the line of the excentric radius h p, 
the perimeteral velodty of the pinion will 
be communicated to the radius in a direction 
perpendicular to it ; and if p be the radius of the pinion, we 

shaU have 

pinion's ang. vel. _ r 

crown-wheers ang. vel. p 
But b' = r' + E^ q: 2r E COS. ^, 

1 J , sin.' 6, 

Now in planetary machines e is small with respect to b, 

.••r = ±E COS. ^ + B. 

And since the pinion revolves uniformlj, the angular velocity 
of the crown-wheel is 

as ~ as as B 7 E cos. 6 nearly. 

r B±BCOS.^ "^ 

But if M p were the elliptic orbit of a planet of which c is 
the centre, h the focus, h p the radius vector, and a k = 
2 b the major axis, we should have the angular velocity 
of HP 

as — J as (b 4= E cos. ^)' as b q: 2 e cos. 6 nearly. 

By making, therefore the eccentric distance c h of the 
crown-wheel equal to the distance ofthefod of the elliptic 
orbit, the radius vector h p will revolve with an approximate 
representation of planetary motion, when the drivmg pinion 
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olyes imiformly." Moreover, the conMvanees here 
traduced are appUeable to machinery generally, and on this 
count deserve to he studied, — See Prof, WilWs Mechanism, 
[Art. 282. 

TAfilABLE KOTIOK BT SIXDENTa OOITTAOT. 

105. *' The simplest mode of obtaming a yarying angular 
Yelocity ratio, when the rotations are to be continued 
indefinitely in the same direction, is by the pin and sUt ; 
A a, B 5 are axes parallel in direction, but 
placed with their ends opposite to each 
other; a a is proyided with an arm carrying 
a pin dj which enters and slides freely in a 
long straight slit, formed in a similar 
arm t f, which is fixed to the extremity of 
B 5. If one of these axes reyolyes, it wiU 
transmit a rotation to the other with a 
yarying yelocity ratio ; for the pin in reyolying is continually 
changing its distance from the axis b ft." — See Frof, Willis's 
Mechanism, Art. 290, where the angular yelocify ratio of 
the two axes is inyestigated. 




CHAPTER VL 

—4 — 



INTERMITTENT AND RECIPBOCATINa MOTIONS BY WHEELS. 

106. This kind of motion is frequently required in some 
kinds of machinery ; it may be readily produced with a pair 
of spur-wheels, \)j cutting away 
all the teeth of the driyer a, 
except those between m and n ; 

consequently when A reyolyeSjit j j© 1$ ® 
will cease to turn b while the ^ 
plain part of its circumference is 
passing the line of centres, but 
will turn it eyery time the teeth between m and n come 
into action with the teeth of b. By properly proportioning 
the arc, which contains the teeth, with the plain arc, any 
required ratio of rest and motion, which can be included in 
one reyolution, may be obtained. 

This arrangement is liable to objection, since there exists 
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a clialioe of the fiAt tooth of a not exactly engaging 
the teeth of b, causing the teeth of the two wheels to 
jammed together ; this defect, however, may be remedied 
the following manner. 

107. In the annexed figure, the follower b has its ed^^ 
formed into an arc of a circle, the centre of which is 

centre of the driver a : part of 
circumference of the driver is a pj 
disk of a greater diameter than, 
pitched circle of its toothed porid< 
The plain edge of a runs past m 
without touching it, but effectualT 

Preventing b &om being moved j&oi 
thus ensures the meetmg of a pi 
(fixed in a) with a guide-plate q, (fixed in b) which d: 
the teeth of the two wheels exactiv into gear, after wbicli 
will make one revolution. The ratio of the times of rest 
motion may be found as in the last article. 

108. ''A simple intermittent motion is effected by a pinion 
A, having one toothy?. This tooth will, in each revolution, 

pass a single tooth of the wheel n 

across the Ime of centres ; but during 

the greatest part of its rotation, will 

A ^ ^^ u leave the wheel B undisturbed. To 

prevent the wheel b from continuing^ 
its motion by inertia through a 
greater space than this one tooth, a 
^cn^o may be employed. ThistuEiis 
freely upon its centre, and may be 
pressed by a weight or spring against the teeth. It wul be 
raised as the inclined side of &e tooth passes under it by 
the action of a, and will fiEiIl over into the next space, thus 
retaining the wheel in its position during the absence of the 
toothy." — See Frof, WilUs's MechanUm, Art. 292. 




THB OEITBVA STOP. 

I 

109. This is a still better arrangement for producing inter* 
mittent motion : it was first introduced into the mechanism 
of the Gteneva, watches, whence its name is derived. 

" A is the driver which revolves continually in the same 
direction, b the follower which receives from it an inter- 
mittent motion, with long intervals of rest. For this 
purpose its circumference is notched alternately into arcs 
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if circles ns dh, ctHicentric to the centre of a when placed 
ipposite to it, and into equ^ recesseB, as Bhown m the 
Igure. The circumference of a is a plam 

circular diek, very nearly of the same radius 

■a the concave tooth which is opposed to 

it ; this disk is prorided witji a projectiDe 

hatchel^Bhaped tooth, flanked by two ho^ 

k>w8 at ». "When A revolreB, no motion 

will be given to B bo long as the 'phdn edge 

ia paasing the lino of centreB, but at the 

-Bamo time the concave form of t^e tooth 

of B will prevent it from being moved. But 

when the hatched-ahaped toolil has reached 

the square recess of B-, its point will strike 

agaiust the side of the reoeas at a, and carry F through the 

Space of one tooth, so as to bring the next concave arc i fi 

opposite to the plain edge of the disk, which will retain it 

until another revolution has brought the hatchet into contact 
with the next recess bf. 

Note. "The ofBce of this Gontrivuice in a Qeneva watch is to prevent 
it from being orer-wouni], wlience it ia termed a tlop ,- and for Ihia 
purpose one of the teeth ia made HDnTsz at p/. U A.ht turned round, 
the hatchet-tooth wiU paae the four notchee in order, but after paaaing 
the fourth across the line of centres, the conrei edge g f will prevent 
further rotation, ao (liat in tluB state tiie combiimtion Borvee to preveut 
Ml aiie from being turned more than a certain number of timee in tht 
nme diiectioa. For thewheel a is attached to the axis wMchis turned 
by the key in winding, and tba wheel b thus prevente the axis &om 
being tamed too tar, ao as to oveietrain the spring. Ab the natcli goes 
daring the day, the ans of a revolvea elowly in the opposite direction, 
carrying the stop-wheel with it by a similar intermittent motion." — 
See Pt^. fPilliii IfttAanum, Arts. £03, 2H. 

THE UAiraLX MOTION. 

110. When a spur-wheel is acted 
i^n by a pinion the axes move in 
opposite du-ections; but when an 
(umular wheel is acted upon by a / 
pinion the axes move in the same / 
direction ; and by combining a spur- I , 

wheel with an annular whed the ' 
aangle-wkeel is produced. The wheel 
a i revolves on its centre C, pins or 
teeth a, «, tn, are fixed concentric 
with 0, these teeth are interrupted at/; and b is a pinion, 
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the teeUi of wUch act jspcfn the teeth of the wheel, azLd 

fixed to the end of an axis to which a continnons motioix 

giren, and thia axis is capable of admitting a short mo 

towardi o, by means of a sliie or swing-firaime ; a 

projects from the centre of the pinicm, and is guided by 

groore SBkfkt^ which is cat m the soifiice of the -whjr 

concentric with tiie teeth npon it. Now, when the pinii 

is on the ontside of tlie teetii, as in the ^^ they will revol 

in opposite directions ; but when the interrupted portion^ 

of the wheel comes to the pinion, the grooYe will goide thej 

pinion from the ootside to the inside of the teeth, and theai 

the wheel will lerolye in the same diiection as the pinio 

and this will continne nntil the opening fia again move 

to the pinion, which will be carried out by the groove, ani 

the motion will be again reversed. 

Noie, " The maagle-iAeel, under all its fonna, is a veiy practical and 
e&cthre contEiTanoeL" "It derires its name firom the fiirst machino 
to which it -was applied, bat has since been yeiy generally used in 
mawnfactaring mechanisoL" See Prof. WUli^s Medutnism, Arts. 

315—319. 

• 

111. '' If the reciprocating piece move in a right line, as it 
very often does, then the mangle-wheel is transformed into 

^^^^^ the mangl&-Taeh, b 5 is 

■T^^^A ? ft the sliding piece, and a 

x o > ■ ^^ ^ the driyiog pinion, the 

axis of which must hare 
the power of shifting 
£rom A to a, throagfa. a 
space equal to its own 
diameter to ajlow of the change from one side of the rack 
to the other, at each extremity of the motion." — See JBrof. 
Willis's MBchamsm, Art. 320. 




ESCIPBOOATIKa MOTION BT A CBOWIT-WHBBL. 

112. The interrupted teeth of a crown-wheel may be made 

to engage themselyQs with the teeth of one 
pinion, and then quit it and engage with 
the teeth of another pinion, and so on 
alternately ; the two sets being so disposed 
as to produce continuous reciprocating 
motion. ^^ For example, a a is an axis 
which rerolyes continually in the same direction, b 5 an 
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to -which is to be transmitted a few rotations to rie^ht 

left alternately. This axis carries two pinions b and by 

kd the first axis has a crown-wheel at its extremity, the 

th of which extend only over half its circnmference, as 

m to n; these teeth will act upon those of 5, and cause 

le shaft B ft to revolve ; when the last tooth n has quitted 

this rotation wHl cease, but at that moment the first tooth 

will begin to act upon the pinion b, and turn it in the 

>poBite (Erection." 

Noie, " This conttavance ia m&aifestly faulty on ftceotmt of the shock 
\ each change of motion, and the danger of the teeth becoming entangled, 
} that I should BArdly have thought it worth describing, were it not 
for the numerous similar forms tiiat present themselyee in the early 
>ry of machinery, more especially in the works of Ramelli, in which 
principle is exhibited in a variety of forms." — See Prof, WiUul's 
IMechamtm, Art 322. 




BECIPBOGATIKa MOTION BY A BOTTBLB BACK. 

113. " The marginal fig. shows the application of the same 
principle to a double rack, which deserves attention on 
account of the provision which is made to ensure the fij*st 
engagement of each set of teeth. 
A a is a firame to which the reci- 
procating motion is to be given, 
■B the driving pinion, which is 
made in the form of a lantern, 
and the teeth confined to about 
a quarter of its circumference. 
These teeth act alternately upon 
a rack fixed on opposite sides of the frame, which thus 
receives a back-and-forward motion from the continued 
lotation of the pinion." The manner of ensuring the safe 
engagement of the teeth of the pinion with those of the two 
racks may be seen by inspecting the figure. — See Frof. 
Williis Mechanism^ Art. 323. 

THE EXCEKTBIO VmBEL. 

114. To the different forms under which the arm and link 
appear, may be added this important piece of mechanism, 
which is commonly used to turn the slide valve of the steam 
engine, e is the centre and a the ads of the excentric 
wheel, which is always fixed to the axis of the fly-wheel of 
the steam engine ; a hoop b d o embraces this wheel or 
pulley so as just to allow it to turn freely with its circle. 
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tiie hoop^lJeihg generally of 'two>pieces joined air b and c y 
frame b i* c connects the hoop with the extremity x* of ' 

bent lever f a h, which turns 
the centre g. "When b revoli 
on its excentric axis A, the 
B i> o will' be drawn altemal 
to the right and left, and tlie 
T of l^e bent lever r & h' 
describe at every revolutioii 
arcs of a circle ; the reciprocating motion of r, thus produ< 
transmits a like kind of motion to the other end o£ 
lever, to which the slidfe- valve of the engine is attached. 

115. Note. " The excentric arm or crcmh, is by foMrthe most simple 
of cewveriing rotation into redprocoMon, and it has the yaluable prop< 
of begiiming the motion in each direction gently, and again gradi 
retarding it bo as to avoid jerks. Nevertheless the law of variation , 
the velocities, is not always the best adapted to the requirements 
mechanism ; but the reciprocation is produced so simply, that it i^ 
often worth while to retam the crank, and correct the law of velocztyt 
by combining other pieces with it in a train. By trains of. link-work i 
very complex laws of motion may be derived from a uniformly revolving 
driver. This will be best illustrated by the following examples."-^ 
Professor WiUis. j 

116. RoompU %. ** K.the crank, instead of being fixed to the uniformly! 
revolving, axis, be carried by a second axis> and then two axes connected] 
by one of the combinations at the beginning of this chapter, for thd 1 
production of a varying velocity ratio, the inequality of the velocity in 1 
the reciprocating piece may be almost entirely got rid o£ Thus let thaM 
two axes be connected by a pair of rolling curve-wheels, (Art. 100) let a^ 
be the angular velocity of ilie i^sst axis, a, the angular velocity of the \ 
second axis, upon which is also fixed the crank ; let p be the radius o£ '• 
the crank, and 9 the angle itniakes with the path of the reciprocating ! 
piece ; then, if v be the linear velocity of this piece, we have v ^ p sin. 
^ A 2) (by WiUUfs- Mechamism, Art. 829) which is to be constant by 
hypothesis. Let r, and r^ be the radii of contact of the roUiog curvei» 
which connect the-.first and second axes respectively ; then 



r. 



r^c 



c being the distance of the axes. 



T c — r. 



h bdng a constant by hypothesis, 

whence r^ = 



p sin. = iEv- 



c p-sin. 



p sin. -i- 1c 

is the equation of the rolling curve of the second axis, whence that of 
the first may be found by WiUufs Mechxmism, Arts. 260 or 269. 
Any contrivance, however, that produces two equal periods of 
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i»tion in the flUgukr veloolhr in each reyolntion, will lerve to oonect 
crank-follower sufficiently for practdoe. The rolUng curves (Art lOO) 
nsed in some silk-machinery ; but their figure is not so complete^ 

~ upon principle. 
117. JBx. 2. To e^ualiae the vdocUy hy IM-worh, The velocity of the 
piece may be also nearly equalised by a train of link-work 
Thus, let ▲ be 
•xiB of tha crank 
idiieh by means 
link a o trans- 
in the usnal way 
xeciprocating mo- 
to a point o, which travels in the line ▲ h between B and 5; a 
d link c d connects ti with an arm d d, moving on a centre d, and 
motion of c between -B'and h thus move <2 between g and r; so that 
rotation of the crank a a causes the arm O d to reciprocate between 
positions d g and d r. In any given position of tl^ system draw 
icnlare Atn, Bn from the centres of motion upon the links ; 
if Aj, A, be the angular velocities of a o^ n d respectively, and v 
e velocity of o, we have very nearly by WiUu's dfechanism, Art. 329, 

A^, Am:=v = A2> Dn; 

. Ag AWl 

'* Aj D»* 

If A a, D c7 both reach the position perpendicular to the link at the 

nme tune, then xm, T>m will reach their maximum values together, 

A in 
tnd will increase and decrease together, so that the ratio may 

Im made nearly constant; and thus, if a a revolve uniformly, the 
reoprocating piece D d will move in each direction with a velocity 
mach more uniform than that of the piece c, which may either slide or 
may be fixed to a long arm so as to make B b an arc of large radius ; or 
the intermediate piece may be omitted, and a d connected by a 
amgle Ihik ; but this is not so good." — See Prof. Willis's Mechcmum, 
Arts. 832, 333. 
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THE INCLINED PLANE, THE 8CREW, THE WEDGE, AND CAMS 
FBODUCINa MOTION BY SLIDING. 

118. The Inclined Plane, in mechanism, is considered 
a smooth, perfectly hard, and inflexible surface ; the iro: 
rails on an ascendmg or descending gradient of a railwa; 
may be regarded as a plane of this kmd. 

Let A c be an inclined plane, 
A B its horizontal base, b c its 
height, and bag its angle of 
elevation ; w a bodj sustained 
on the plane by the power p 
acting by the cord wop over 
a pulley at o, in the direction 
w c parallel to the plane a o. 
Then, by Baker's Statics and Dynamics, Art. 74, — 

P : W ; : B C : A C, 
that is, P : w : : the height of the plane : its length, or 




w X BO 

p = 

AG 



(1). 



And, by the nature of virtual velocities, Art. 85. (5) ibid. 

p's vel. _ w _ A c 
w's vel. "" p 



= - = t:r (2). 




BC 

Example l.-^If a waggon, w, 
weiglung three tons be drawn 
up an inclined plane a o, the 
length of the pmne a o being 
to its height b o as 5 to 1, 
required the power p that will 
just balance the waggon on the 
plane? 
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INCLDTED FLKSS ISO WSOGE. 
By eqaation (1) : 



A eUght sdditioQ to this povet to oTercome the friction 
|rf the waggon-wheela would draw the waggon up the 
^ane. 

Nole. This method of drawing waggoiu up steep inelined pUnea by 
■tatdonu; enginee ia moch practised in nunersl diitricta ; where the 
wiggoiu ftbo descend iDclined pUnea, their speed being legul&ted by a 
windUaa at the top of the plane. 

£x. 2. Be^uired the power requisite to draw a train of 
carriages weighing 10 tons, up a railway gradient lising 
1 foot in erery 100 ieet P 

_ WXBC 40x1 2. 

Here p = ^ = -^ -; r— = ^ of a ton = 8 owt. 

AC 100 6 

119. When the power p acts over the puller d, in the 
direction w d, which is not parallel to the indined plane a c; 
then, by Baker't Statics and Dynamics, Jut. 73, 

F : W : ; sin. BAO : COS. CW1>, 




And, by the natiiie of 
Tiitoal velocitiea, 

p'sTel. _ COS. cwD 
w'b Yel. 



THE WED ex. 

120. The toeige may be considered as a moreable inclined 

plane, or rather as a double inclined 

plane, as the figure a <J b c ; besides its 

use in mechanism, it is also much used 

for separating bodies that are strongly 

bound or pressed together, as for cleaving 

timber, in which case it is urged by per- 
cussion. The force impressed by percus- 

won, or a blow on the back of the wedge, 
! has an effect incomparably greater tluin 
' any mere pressure or force produced by . 

machinery. If p be the force impressed on the back a b of 
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the wedfle, and w the preaaore on 1.0 or B c ; (hen, bj 
Baker'M Statict and DyiMmici, Art. 79, 



, (and by Tirt. TeL), 



rince the length of the wedge perpendicularly is nearly 
equal to its sl^t length, in all usuaI caaea, 

BECIPBOCATHIO MOTIOK BT THK WEDQE. 

121. I«t A B be a wedge or inclined plane moveable 
along the homootal plane s o, and up a bar constrained by 

^des J» n, to move in the direction of 
its length o nly, and having a fiiiction 
pulley at y. When the iredge is moved 
iorw»d and backvard, the rod By will 
rise and fall, and in pushing the ved^ 
throngh its vhole length A B the rod will 
rise tnrouf^h a hei^t eqnal to a b; 
whence, evidently, the velocity ratio, &c. 
may be estunated as in the last article. 

THE HCBEW. 

122. The terete is a spiral groove winding round a cylinder 
BO as to cut all the lines drawn on its sor&ce pandlel to its 

axis at right angles. The screw 
is, therefore, nothing more than 
an inclined plane, wrapped 
round the suriace of the {^un- 
der, the base of the plane being 
equal to the circumference of 
the cylinder's base, and coin* 
ciding with it, and the height 
of the plane equal to the dis- 
tance i.B between two of the 
threads. 

Since the screw is nothing 

a more than an inclined plane 

ABC, unwrapped from the cylinder, (see the small fig^ the 
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B G of the plane being equal to the circumferenoe of 
le cylinder's base, and the height a b of the plane equal 

the disiiance between two threads 

the screw ; and, since the power 
)plied to the screw acts parallel ^' 

thie base, we shall have, hj Art. 75, Statics and Dynamics, 

P : w : : A B : B C, or 

F : w :: distance between two threads : circumference 
described by the power, which in this case is the circum- 
ference of the cyEnder, to which the power p is supposed 
to be applied, the weight w resting on the top of the scrpw, 
as sbown in the larger figure. 

But when the power p is applied to the lever p w, then we 
shall bave, by the same article 

p : w : : A B : the circumference described by p. 
: : J : 2 IT r, 

d being the distance between the threads, r the length of 
the lever p w, and ir = semi-circum. to rad, 1. 

whence w = — ; — , (i), 

a 

p's vel. _ 2 IT r _ circum. described by p 
. ^ w's vel. " d " dist. between the threads 

Note. Instead of considering the screw to raise a weight w by acting 
vertically, we may suppose it to be applied to produce a pressure w in 
any other direction, and the relation between F and w will be the same 
as that already shown. 

Ea;, The distance pw at which the power acts is 6 feet, 
and the distance between two of the threads of the screw 
is 2 inches ; what weight will a man be able to raise, when 
he acts at p with a force of 1501b.? 

Here the power acts 72 inches from the centre, hence 
2ir r = 2x72x 31416 = 452*39 inches = circumference 
described by the power ; whence, by equa. (1) 

^ = ^^:!y<ii? = 33929ilb. 

E 
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BECTHJNEAIi MOTIOK BY THE BCBEW. 

123. The Pin and Screw. IJet the cylinder * I, the sods d 
which is A B, have a spiral groove m n o cut upon it| 

p .. T g surface, so as to represent tlw 

^ ' " iJk screw described in the last artir 

cle ; and let o d be a rod con- 
strained to move parallel to a. b, 
the rod having a pin at m to fit into the groove. iN'o'^ 
when the cylinder is turned on its axis, the pin will move 
in the groove and cause the rod to move in the direction of 
its length. The velocity ratio, &c. of the cylinder h I and 
the rod c d inay be determined by the last article. 

124. The Back and Screw. Instead of a single pin mj let 
other pins be also fixed on the bar opposite the threads 

of the screw, which may be made trian- 
gular, without the least affecting the 
motion. "We shall thus obtain the rack 
c and the screw s, and by turning the 
screw which is supposed to be fixed on its axis, a continuons 
rectilinear motion is given to the rack c, the teeth of which 
are made exactly to fit the threads of the screw. 

Note. "This is the most ancient form in which the screw waa 
employed. It appears to be that which was described by Pappus," in 
his Moth. Col. * 

125. JSut and Screw. " In most cases the piece which 

receives the action of the screw s, is 
formed with a hollow caviiy, as n", 
within which are threads exactly fitting 

■™" those of the screw s. The piece m" is 

called the nut, and the hoUow screw within it, the female 
screw r — iSee Prof. Willis's Mecha/niwi. 

THE SCEEW PBESS. 

126. The screw is frequently used where a great pressure 
is to be exerted through a small space. The figure to 
Art. 122 represents the screw press, where the solid screw 
A B works in the nut w, which is fixed ; w is the weight to 
be raised, or substance to be pressed ; the screw a b is 
moved round \>j the lever p, wmch is inserted into a hole 
in the screw. The power that can be exerted by this press 
is very considerable, as will be apparent from the example 
foUowing Art. 122. 

Nott. It will be seen that we may increase the mechanical efficacy of 
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the Bcrew, either by cawing tha power to move through a gretter space 
by incrensing the length of the lever, or by diminiahing tha thickaess 
of the thread! ; thus, in tbe above eiamplo, If the diatauce between tha 
threads were ( or ^ of an inch, the other porta remaining the aame, the 
c&c&cy of the machine would be respectively doubled or quadrupled. 
There ia, howoTer, a practical difficulty in diminishing the distance of 
the threads of the screw, for, as thsy become crowded into a small space, 
they become more delicate, and are apt to be torn off, under a, consider- 
able pressure, while by increasing the length of the lever, the machine 
becomes unwieldy : these objections have been entirely got rid ot by 
the following ingenious arnmgement. 

THE DIFFEEENTIAI, SCBEW, 

127. This machine (invented by Mr. John Hmiter) 
consistB of two screws, coandsE, having threads of different 
thicknesses. The larger Bcrew 
c 1> has a hollow or female screw 
formed within it ezaetly fitting 
the screw n £, which can only 
more in the direction of its 
length, and, therefore, when c b 
is turned rotmd, d s Bcrews into ' 
c s, which works in a female 
screw fixed in the frame a b. In 
one revolution of the lever l, the 
screw c i^ ascends a space equal 
to the distance of its exterior 
threads ; and during the same 
time, the screw n E descends into 
the female screw, in c n, a space 
equal to the dist^ice of its 
threads ; consequently the point 

E will only ascend a space equal to the difference of the 
distances of the threads on c n and those on s e : let these 
distances be rcBpectively c and c, r = length of the lever l c, 
F = power applied at l, and w ^ weight at £j then by the 
nature of virtual velocities, &c. 

F'a vel. _ 2 jTi- 



Et. Let the distances of the threads on c d and n £ be 
respectively -^ and i| of an ioch, and let the length of the 
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leTcr L be 60 in. aad the power r Applied at L = 150 lb. a 
required the weight w that can be raised at s, ueglectiiw 
the iriction of the Bcrews ? 

By equa. (2) : ' 

■ft— I 

Ifott. — It will be found from eqnaBon (1) QiaJt the Telocity nttio of, 

the power and weight, or -^ _— newly, which ia the Bdvantaee, 

abating friction, gained b; the machine. 

Note. " In the usual method of applying [the differential or] Hunter'a 
screw, the two threads are cut on different parte of the same cylinder. 
Upon these are placed nuts, which are capable of moving in the direo- 
tioa of their length, but are not allowed to tnni round. It is clear, 
therefore, that, t^ turning the screw once round, the two nuts will be 
brought nearer together, or diivea brther apart, according to the direc- 
tion in which the screw is turned, through a apace equal to the difier- 
ence of the pitch of the two threads. In thia way. Hunter's screw is 
well adapted to the purposes of a micromeleT tcran, becsuae it admits of 
an indefinitely slow motion, without requiring exquisite worknuoualiip 
in the thread. The uses of the screw in a micrometer have been 
noticed in our Introduction to the study of Natural Fhiloeophy, p. 34." 
— Tamlintim't Sft^anici. 



THE ENDtEBB SCBEW. 

128. The endless screw a b ib so 
combined with the wheel e uid itB axle 
that the threads of the screw may work 
in the teeth on the circumference of 
thewheel. Let ii = radiusofthewheel, 
p = radius of the axle, r = length of 
the handle a c ; then by the nature of 
virtual vel., Statics and Dynamics, 



129. The endletg screw in the annexed figure presents a 
combinationofstillgreaterpower,having three toothed wheels, 
two pinions and one axle, round whioli the rope sustaining the 
weight w coils. Let d = distance between the threads of 
the screw, ♦■ = length of the winch a c, r', r", r"' the 
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respeetiye radii of the wheeU x, t, o, and p, p', p', the radii of 
tbe respective pinions and aile, alao 
p = power applied at a. to raise w ; 
then, hy Art.S4, Statics ondDynamieg, 

I : V :: dpp' p" : 2jrrr' r" r'", 

0_--'-"-"'t. 

whence w = 



dpp p 

The TeioeitT ratio may be deter- 
mined &om this equation, as informer 

JGr. 2, — If the endless screw be 
turned by a winch a. c, the threads of 
the screw being distant half an inch 
each, the screw turns a toothed wheel 
E, the pinion of which turns another 
wheel F, the pinion of this another 
wheel a, and on the pinion or axle of whi^h is sustained the 
weight w; now the radii of the wheels are each 18 inches, 
those of the pinions and axle each 2 inches, and the length 
of the winch a c = 22 inches ; what weight will a man be 
able to sustain who acts at the handle of the winch with a 
force of 150 lb. ¥ From Art. 129, 

_ a X 3-1 J16 X 22 X 18 X IS X 18 X 150 



= 30,231,630 lb. 

= 13,4SS toDB nearlif. 

THE CONICAL 8CEEW. 

130. A method has been shown, in Art. 123, for ^ving a 
rectilineal motion to a bar by a screw, the axis of which and 
the bar are parallel j but, if the path of the bar be not 
puallel to the axis of the screw, it must be formed in a 
conical shape. " Thus, in the flg., a b is ^ 
Che axis, c e the sliding bar, e its pin, the ^:-. 
path c rf of whose acting extremity is in this ^ 
case supposed to meet the axis. If this 
Ime c<i generate a cone b by revolring 
round A b, the pin will always lie at the 
same depth in the groove excavated on the 
conical surface. Also, if the surface be de- 
veloped, the groove e^willbe the spiral of jlrcAi»(«fc*." — See 
Prof. Willu's Meehanitm, Art. 166. 




78 



CAMB9. 




CAHSS. 

131. These important parts of mecbanism consist of a 
properly formed revolving plate, by wbicb a reciprocating 
motion may be given to bars or lever, varying according^ to 
any required law. 

" Thus, let X be the centre of motion of the comb-plate 

nmp q, B D a lever turning on the 
centre b, and furnished with a friction 
roller d, which rests upon the edge 
of the camb. Let xm he the least 
radius of the^ camb, and xp the 
greatest, and let the radii graduaUjr 
increase along the edge mnp, and 
decrease along the edge p qm. Then, if the camb revolve 
continually round, the roller d, by the action of the edge, 
will be pushed further from the centre x, during the 
passage o£ m n p under it, and will return towards the 
centre during the . passage of ^ q m; the lever being 
supposed to be kept in contact with the edge by its 
weight or by a spring." — See Frof, Willises Meckanismy 
Art. 352. 

Note. A sliding-bar may be applied to the edge of the comb, as in 
Art. 121. In this maimer a series of reciprocations may be given to 
the bar B D, and the velocity ratio of the bar to that of the camb can be 
made to vary according to any required law, by adjusting the shape of 
the edge of the plate. This may be set out by points, as in the following 
example. 

132. " Let the velocity ratio vary so that when a series 
of points 1, 2, 3, 4, 5 in the circumference of the circle c 36 

shall have reached in order the 
point c, the pin or friction roller 
in the bar, or sUding piece, shall 
be moved to the corresponding 
positions i, ii, in, it, v. To 
each of the position points in the 
circumference of the circle draw 
tangents, and with centre x draw circular arcs in order, 
each intersecting one of the position points i, ii, ni, Ac., 
and the corresponding tangents, as at a, b, c, d, e; thus is 
obtained a series of points through which, if a curve be 
drawn, it will be the camb required ; for it is manifest, that 
if any point, as 3, of the circle be brought to c, the corres- 
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ponding point c of the curve will be moved to in, and thus 
the pin -will be placed in its required position, 
and BO for every other pair of positions." 

133. If the camb-plate be required to pro- 
duce more than one reciprocation to the lever 
or sliding piece in each revolution, its edge 
must be lormed into a corresponding number of 
waves, as a, b, c. 

134. If the sliding piece or lever is required 
to be raised gently, and let fell by its own weight, 
the edges or waves of the camb must terminate 
abruptly, as a, h, c, ^ 

135. If it be required that the pres- 
sure of the camb may produce both the 
upward and downward motion of the 
lever, the pin b of the lever b c may 
move in a groove formed in the surface 
of tbe camb a. 




THE f OBGE HAIOCXB. 

136. If the lever is required to receive repeated lifts with 
intervals of rest, the camb becomes a set of teeth, as shown 
on the circumference of the wheel 
A ; in this case the teeth are called 
wvpers or tappets. Thus the forye 
hammer H F B, turning on the pivot 
or fulcmm v is depressed at its 
extremity b by the wipers, thus raising the head h of the 
hammer ; but as soon as the wiper disengages itself firom 
the end i of the lever, the hammer falls by its weight on 
the anvil or steady s ; and as there are six wipers on the 
wheel A, the hammer will make a like number of strokes on 
the anvil for every revolution of the wheel. 
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CHAPTER Vni. 

— t — 
ESCAPEMENTS, PENDULUMS, Etc. 



In this class of combinations called escapements, a 
revolving wheel produces reciprocation in its foUoiwrer hy 
acting jdternatelj on two different pieces attached to it. 
These arrangements are used in clocks and watches, also in 
other machinery. 



CE0WK-WH!^EL ESCAPEMENT. 

137. "When the axes are at right angles the crown- 
wheel escapement is commonly employed, a is a revolving 
axis, to the extremiiy of which is fixed a crown-wheel with 
large saw-shaped teeth ; c c the vibrating axis or verge. This 

carries the two pieces 
or pallets h and a, which 
are set in planes making 
an angle with each other 
sufficient to allow of the 
escaping action. When 
the wheel revolves in the 
. direction of the arrow, 
one of its teeth m press- 
ing against the pallet h 
wfll turn the verge in 
the same direction, until, by the circular motion of 
A, its extremity is lifted so high that the crown-wheel 
tooth passes under it, or, in other words, this tooth escapes 
from the pallet. By the same motion of the verge the 
pallet a is brought into a vertical plane, and the tooth n 
presses it in the contrary direction, and turns the verge 
back again until n escapes from under a, when a new tooth 
begins to act upon h, and so on. Thus the rotation of the 
crown-wheel produces the vibration of the verge and pendulum 
PC, the crown-wheel being the driver." 
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ANCHOB ESCAPEMSKT. 

138. This escapement is very commonly used when the 
axes of the wheel and verge are parallel. Here e is the 
centre of the wheel, n that of the escapement a n b. In the 
figure, a tooth a is represented 
as having just escaped from 
the pallet a, and a tooth h on 
the opposite side of the wheel 
has met the pallet b ; the pen- 
dulum (attached to the axis 
passing through n) will not 
stop here, but will advance a 
litue further to the lefb, and 
so the slope of the pallet b wiU 
drive the tooth h oack again 
a little, and thus produce the 
recoil, which may be observed very plainly in any common 
house clock with a seconds hand. The sloped faces of the 
pallets cause the teeth of the wheel to give them impulses 
in escaping, so as to maintain the motion of the penaulum. 
This kind of escapement is much the most common, and will 
probably never be superseded, as it is sufficiently accurate 
tor ordmary purposes, and is very easy to make, since no 
particular form is required for the pallets. This escapement 
is said to have been invented by Dr. Hooke about 200 
years ago. 

LEVEB ESCAPEMENT. 

139. "A very simple arrangement is shown in the annexed 

figure. The revolving wheel, of which the centre is a, has 

pins a, h, c, &c., and turns in the 

direction of the arrow; n is the verge, 

n, n the pallets; which are fixed 

against the face of an arm (or lever) 

D n, which lies parallel to the face of 

the wheel, and so far from it as to ^ 

clear the tops of the pins. The pin X^^ J^l^ ^ ^ 

a is shown in the act of pressing the 

pallet m, and therefore of depressing the arm ; when this 

pin reaches n, it escapes from m and begins to act upon 

fi, by which it raises the arm and escapes at the lower end 

of », when the pin h begins to touch and depress the first 

pallet m^ and so on." 

B 3 
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140. " In alt these escapements the verge may be made 
the driver, and thus a reciprocating motion may be made to 
produce a rotation. The wheel will always revolve the 
contrary way to that in which it turns when itself drives." 

THE COMMON BEHDCLrH. 

141. The common pendulum is one of the simplest of 
scientific instruments, and also one of the most importaat ; 
for by its means we are enabled, not only to measure time 
with precision, but to determine the vanation of the force 
of gravity at different parts of the earth's surface. 

" Any weight, attached to the end of a rod, wire, or 
flexible thread, and suspended from a fixed point p, may be 
said to constitute a pendulum. Its fundamental properties 
are first, to show, when at rest, the exact vertical, or the 
direction in which gravity acts (when used for this pirrpOBe, 
it is usually called a plumb-line) ; secondhj, to oscillate in a 
vertical pkne when diawn on one side, and then left to 
> itself. If, for example, the pendulum 
I f c be drawn aside to A. and liberated, 
it will descend to c, and then ascend on 
tlie other side as far' aa b, describing an 
arc B c, nearly equal to the arc a C. 
From the point B it wiU again descend 
to c, and then ascend towards A, and so 
, for a considerable time. When the 
ight is descending from a to c, the 
' motion is accelerated, and in ascending 
from C to B it is retarded. The motion of the pendulum 
fi«m A to B is called an oscillation or vibration. The ampli- 
tude of each vibration is me^ured by the arc a b in degrees 
and minutes. The duration of a vibration is the time of 
describing this arc. If the amplitude of the vibrations of 
the pendulum does not exceed a certain magnitude, the 
time of vibration will not sensibly vajy, however the 
amplitude may vary. Thus the time of oscillation will 
be practically the same, whether the angle a B C be 4° 
or 5°, 2° or 3°, or of bo small a magnitude that the eye 
cannot distinguish it without the aid of a microscope. It 
is certainly remarkable that the pendulum should require 
as much time to describe an arc of -j'^jth of a degree, as to 
describe one of 10 degrees. The reason, however, will he 
evident wjien we consider that the effect of gravity in 
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producmg motion depends upon the obliquity of the line pa. 
In the position p c the force of gravity tends to keep the 
pendulum at rest ; the impelling effect of the force of gravity 
is measured by the distance of the pendulum from this 
position ; the greater this distance, the greater the average 
velociiy of descent ; and any increase of distance within a 
few degrees is exactly compensated by the increased speed 
of describing it." — Tomlvnson^s Mechanics. 

142. To show the nature of the application of the pen- 
dulum to clocks, let p c (fig. to Art. 137) be a seconds 
pendulum vibrating on the axis c c of the verge. It will 
readily be seen, &om what has been already shown, that at 
each double vibration of the pendulum, one tooth of the 
crown-wheel a is liberated and carried round ; and, if there 
be 30 teeth in the wheel, it will exactly make one revolution 
in a minute. The slight impulses given by the teeth of the 
wheel to the pallets a and 5, suf&ce to overcome the friction 
of the axle c c and the resistance of the air, which would 
otherwise destroy the motion of the pendulum. 
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PART II. 



CHAPTER I. 

MECHANISM AND PARTS OF MECHANISM DESIGNED TO EFFECT 

PROPOSED OBJECTS. 

IiT the chapters of the preceding part of this work, the 
simple forms or elements of mechanism aud small com- 
binations of mechanism have been considered, in most cases 
without regard to the object to be effected ; the method of 
classifying the different K>rms of which all mechanism must 
consist, and calculating the ratio. velocities and powers of 
the combinations must necessarily occupy the first place in 
a work of this kind. It wiU now be proper to consider 
the most approved foifns of mechanism exclusively with 
regard to objects to be effected. Machines, or parts of 
machines, specially designed to regulate ^notion, shall now 
be considered. The variable action of steam and the wind 
as prime movers, and, in some cases, the variable resistance 
of the work to be done, have called forth the necessity 
of those contrivances ; since it is always desirable and often 
necessary, that the parts of machines should have a uniform 
and regular motion. 

BEGULATOES AND ACCIJMULATOBS OF MOTIOX. 

THE FLY-WHEEL. 

143. The nature of the motion of the fly-wheel has been 
abeady referred to at the end of Art. 21, but the marginal 
figure shows the usual manner of its application as a 
regulator of motion in the steam-engine. It consists of a 
large heavy metallic wheel E p, to which motion is given by 
the crank a b, which is fixed to the axle of the wheel at a ; 
to the other extremity b of the crank is attached the con- 
necting rod B D, to which a reciprocating motion is given by 
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the great beam d o moving on the axle c. To the other end 

of the great beam (not ^ 

shown in the fig.) is at- .-.**«*==^^° 

tached the piston rod of the 

steam-engine which gives 

the reciprocating motion to 

the beam. 

The fly-wheel is also an 
accumulator of motion, for 
when the impulsive force of 
the steam is greater than 
the resistance of the load, 
the surplus is imparted to 
the wheel, to which it 
gives a slight increase of speed ; and owing to the great 
weight of the wheel, an increase of speed, which is scarcely 
sensible, absorbs an immense amount of moving force. 
When the impulse of the steam becomes less than the 
resistance, then the momentum or moving force of the 
wheel acts upon the load, and that part of the surplus force, 
which was previously imparted, is given back, and the wheel 
assists the piston in moving the load past the dead points, 
and when at the same time the steam is weakened by 
expansion. When the moving force is in excess, the fly- 
wheel absorbs the surplus ; and when the moving force is 
deficient, the fly-wheel gives back what it has absorbed; 
thus producing a continual uniformity of motion. 




THE GOTEEirOB. 

144. This is one of the most important regulators of the 
steam-engine as well as of other machinery. The arrange- 
meiit usually adopted in the steam-engine is represented in 
the following figure. Two balls i, i, are attached to equal 
rods of iron n g, h a. The arrangement is composed of a 
series of jointed rods h f, E f, which play upon a vertical 
sjJindle c d, being fixed at h, but capable of sliding upon it 
at E. When the balls are separated so that the rods h g, 
HG become more divergent, the arms H p, h e open, and the 
pivots E, E separating, draw down the collar e, which slides 
upon the spmdle ; and on the contrary, when the baUs 
approach each other, the arms H E also approach each other, 
and the collar e is forced up. . In the coUar b is inserted 
the forked end K of the lever n l k. The end n of this lever 
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is connected, aa shown in the fig-, with the throttle-valre v 
of the Bteam-engine, and the proportion and position of the 
rods are bo adjusted that when the balls descend to their 
lowest position, the throttle-Talve becomes open ; and when 
they separate it becomes gradually closed. A grooved 



wheel AB, oroftener a toothed pinion, is fixed upon th 
axle of the spindle, which receives ita motion from any 
convenient part of the machinery. How, suppose the load 
of the engine to be suddenly diminished, or the force of the 
steam increased, then a momentary augmentation of speed 
will take place in the piston, and consequently an increased 
velocity will be imparted to the wheel a b and the balls of 
the governor ; these balls will therefore fly further from the 
spindle B c, the fork k will be drawn down, the throttle 
valve T partially closed, and the supply of steam to the 
cylinder diminished. If, on the contrary, the load of the 
engine be increased, or the force of the steam diminished, 
the speed of the piston will be momentarily slackened, the 
velocity of the wheel a b will be diminished, the balls will 
descend and approach the spindle, the fork k will he raised, 
and the valve t be partiidly opened. In this manner the 
governor has the effect of admitting at all times to the 
cylinder just that portion of steam which is necessary to 
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give the piston its proper speed, the quautitf being always 
proportioned to the loM of the engine. 

145. The annexed %. shows another 
form of the governor, in which the rods 
eg, eg, have a common joint C in the 
vertical spindle a a, and are connected by 
the links y B, gB, with the sliding piece s 
which acts upon the throttle valve as in 
the last article, rotatory motion being 
gi^en to the spindle A a by the bevel- 
gear o. 

Note. The method of calculating the weight of 
tha balls, kc, of the governor so that they may 
produce b given effect upon the lever of the 
throttle valve, is given in a clear maoner in Baiin't 
Tnatiae on the Sttam Engine. 

THE SAFETY VALVE. 

146. The safety valve is for the purpose of preventing the 
bursting of steam-engine boilers by the elastic force of the 
steam, a f is a graduated lever | 
turning on F as a fulcrum, v 
the vtdve, which is raised when I 
the elastic force of the steam | 
becomes too great for the pres- 
sure of the weight w, which I 
pressM down the valve by means of the lever a f. 

tas BFBING SAFETY YALTE FOE lUQH-FEESS.UBE BOILED. 

147. In the following fig. is shovra the safety valve for 
high-pressure engines. The valve is shown in its seat, its 
spindle « being pressed down at a by the lever ji a c ; c ia a 
toed pivot on wnich the lever turns ; the pressure on the 
valve at A is produced by a. nut at b, working upon a screw, 
which is attached to a spring balance l, the lower end of 
which is attached to a fiied point p. The nut at b may be 
turned so as to submit the valve to any pressure within the 
limit of the action of the spring-balance . An index and 
scale are attached to the balance, the scale being so divided 
ag to express the number of pounds per square inch by 
vhich the valve is pressed upon its seat. Thus, if the nut e 
be turned until the index shows a pressure of 60 lb-, then 
the force of the valve will be at the rate of 60 lb. per square 



88 



MODis or BSGCUmSG Monox. 



iiidi,aiid the itouiiwin be 
bae attuned tbjift pieMiiie; 
liouiy tbe lerer at b by tbe 



in tiie boiler antfl. it 
the imiMiiit exceeds that , 
c^ the ateam on the ralTe, 




presses the nut upwards with a force greater than the strength 
of the spring, which will consequently be further compressed, 
the valve at the same time opening and allowing the escape 
of the steam. 

148. There are various other arrangements in mechanism 
for regulating motion appended to the steam-engine, as the 
hoUer-feeder, the self-acting damper^ the steam^auge^ &c., 
which render that important engine completely self-acting; 
but these shall be hereafter described under the head of 
Steam Engine. THh^pend/idwm is also an important regulator 
of motion, but it has been already described in the chapter 
on escapements, with which it is particularly connected. 



MECHANISM FOB MODIFYINO MOTION. 



89 



CHAPTER II. 



/ 



MECHANISM FOR MODIFYING MOTION. 



149. Since the production of motion by the moving power 
of machines, as the reciprocating action of the piston of the 
steam-engine, and the nature of the work required to be 
done, which sometimes requires regular circular motion, and 
sometimes motion varied according to a fixed law ; abo since 
regular circular motion, as that produced by the water-wheel, 
is firequently required to be converted into reciprocating or 
some other varied motion ; there results a necessity for 
modifying these motions of the moving power to adapt them 
to the particular requirements of the ajrts and manufactures. 
Several methods oi modifyiag motion have been abeady 
given in Chapters VI. VII. and VIII., where the methods 
of calculating the velocity ratios of the parts, and of con- 
structing the particular forms of the mechanism, are given. 
Several other modes of modifying motion shall now be given, 
many of which are very ingenious, and more or less used in 
practice. They are chiefly taken from that excellent and 
scientific work on Mecha/nism^ hy Professor Willis, 



TO GHAKGE A EECIPBOCATINO MOTION INTO A CONTINTTOXIS 

CIBCULAE MOTION. 

SUN AND PLANET WHEELS. 

150. "This arrangement 
was invented by Watt as 
a substitute for the common 
crank, in converting the re- 
ciprocating motion of the 
great beam of the steam- 
engine into the circular 
Tsiotion of the fly-wheel. The 
rod D B has a toothed wheel 
B fixed to it, and the fly- 
wheel F F, has also a toothed 
wheel A fixed to its axis ; a 




90 



CHAKQK OF CISCULAK KOTIOK, ETC. 



link A B serves to keep these wheels in gear. Now, when, fin 
beam c b (the centre of which is c) is in action, the link oi 
arm a b wiU be made to reyolye round -he centre a just as 
common crank would, but as the wheel b is attached to iihi 
rod D B, so as to prevent it from absolutely revolving on. i1 
own centre b, every part of its circumference is in 
presented to the wheel a, which thus receives a rotatoi 
motion." In Watt's engine the wheels a and b were eqi 
and therefore the fly-wheel revolved twice as fast as tlK 
crank-arm. 



i 





THE liEVEES OF LAGAEOrSSE. 

'*' 151. Mrst Arrangement. "Let Abe the centre of motionj 

of the lever b cf, d that of the ratchet wheel, and let tlie^ 

lever have two clicks ah, ac, jointed. ^ 

to its extremity a, and engaged "witli. 

the opposite side of the wheel. When j 

a is depressed, the click h will push I 

the teeth, and the click c will slide \ 

over them ; on the other hand, when 

a is raised, the click c will act upon 

the teeth, but 5 will now slip over 

them, so that whether a rise or fall 

the wheel is made to move in the direction of the arrow." 

152. Second Arrangement. " Here 

A is the centre of motion of the lever 

B A a, and clicks ah, c d, are jointed 

at equal distances on each side of a. 

When a rises, the click a 6 slips over 

the teeth, and dc pushes them; but 

when a falls, the click pushes the teeth, 

and dc slips over them." 

Note. Levers either of the latter kind with two clicks, or with a 
single click accompanied by a detent, are also employed to move racks. 

TO CHANGE A COIfTINrorS CIECTJLAB MOTION INTO 
A BECIPBOOATING EECTILINEAE ONE. 

153. " In the annexed figure, ahcis a revolving piece or 

driver, which has tlwree equal 
wipers or tappets, and the fol- 
lower is a sliding bar and frame 
D A B c provided with two teeth 
or pallets a and b, on opposite 
sides of the centre of motion 
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the driver, which re'^olves in the direction of the arrow, 

d its wiper a is shown in the act of urging the follower to 

e left, by pressin^r against the side of the tooth a. 

solving a little farther in the same direction, a will 

its circydar motion escape from a, and at the same 

taait h will encounter b, and will urge it in the opposite 

ection until h in like manner escapes from it, when c will 

upon A. In this way the rotation oiahc wiU produce the 

dprocation of the frame." # 

154. In this arraagement the wheel a, the centre of motion 

of ^wliich is a, by means of the eicentric revolving 

pin c, working in the slit of the arm h d, the centre 

pf motion of which is h, gives it a reciprocating 

t motion. This is the same combination as that of 

I Axt . 105, but that in this case the pin c, by revolving 

always on the same side of the centre h, produces 

reciprocation, while in Art. 105 the piQ, having 

the centre h within its path, produces a rotation in ,the 

follower. 

* 155. In the marginal figure, the slit is attached 

I transversely to the bar b, which slides in the 

I direction of its length, the wheel c revolving on 

I its centre a, and carrying the pin c which acts 

\ in the slit. In this case it is easy to see that the 

\ law of motion is the same as in a crank with an 

Irofinite hnk. 
156. The sliding bar en is connected with 
a frame, of which the two bars ^ f, ^ h, are 
parallel, and at right angles to the bar ; a is 
a wheel the centre of which is h, and its centre 
of motion a. This combination is precisely the 
same as that in the last article, a h being the 
radial distance from the centre of motion a. 

THE SPIEAL OB SOLID CAMB. 

157. " If a single series of changes in velocity and direc- 
tion be required, and which are too numerous to be included 
witllin a single rotation of a camb-plate, then the spiral Or 
BoUd camb may be used, a a ia the axis of the camb, on 
one extremity a of which a common screw is cut, which 
works in a nut in the frame of the machine, so that as the 
axis revolves it also travels endlong, b is the solid camb, 
D the roller of the follower whose path is m d, and which is 
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kept in contact with the camh by a weight or spring asJ 
usual. As the axis revolves the follower n d will receiveJ 

from it a motion in its path, the] 
velocity and direction of which will ' 
be governed by the figure of tlie ' 
camb, as in Art. 131. But l>y 
means of the screw at a, the camb 
will be gradually carried endlong, so that at the completion of 
each revolution the same point of the camb wiU be no longer 
presented to the follower, as in Art. 131, in which the sanae 
cycle of changes is repeated in each revolution. On the 
contrary, the path traced by n on the surfjBtce of b will be a 
spiral or screw of the same pitch as that at a, and by 
properly shaping the comb, we can thus provide a series of 
changes that will extend through as many revolutions of the J 
camb as the length of the camb contains the pitch of the J 



screw «." 




THE SWASH PLATE. 

158. "E^is a revolving axis, Gy'a bar capable of sliding 
in the direction of its length, and having a friction roller 

at y ; a flat circular plate p is fixed to the ex- 
tremity of the axis E e, but not perpendicular 
to it ; the bar Gy may be pressed into contact 
with the plate by a spring or weight. Now, if 
the plate were perpendicular to its axis, the 
rotation of the latter woidft communicate no 
motion to the bar, but the effect of the inclina- 
tion is to communicate a reciprocatiag motion 
to the ba^ in the direction of its length, the 
j[uantity of which varies with the inclination of the plate to 
its axis ; and if the plate be so attached to the axis as to 
admit of an adjustment of this inclination, a ready mode is 
obtained of adjusting the length of the excursions of the 
bar." — See I^rqf. Willises Mechanism, Art. 359, where the 
law of motion of the bar Gy is investigated. 

watt's paeallel motion. 

159. This simple and beautiful arrangement of link-work 
was invented by the celebrated Watt, to convert the reci- 
procating circidar motion of the extremity of the great beam 
of the steam-engine into a reciprocating rectilinear motion 
adapted to the piston rod. 
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Ttet the two equal rods c b and o d, connected by a third 
rod or link b b, moTe on their fixed centres o and o ; and 




let M be the middle of the rod b d. Now, if c b be made to 

move on its centre c alternately upwards and downwards in 

the arc b' b", which wiU cause o n to move alternately in the 

same manner iij the arc n' n", it will be found that the point 

M will ascend and descend in a line m' m", which will not 

deviate sensibly from a vertical straight line. Por when the 

point B is moved upwards to b', the upper extremity of the 

rod B is drawn a little to the right; and at the same time 

the extremity d to the rod o d, being moved to n', is dra^n 

a Httle to the left. "When the extremity b descends to b", 

the extremity n descends to n" ; thus the two extremities 

are again drawn, the one a little to the right, and the other 

a little to the left. It will be easily uncferstood that while 

the ends of the rod b d are thus alternately made to move 

right and left, its middle point m will not sensibly deviate 

to the right nor to the left, but will move upwards and 

downwards in a line not sensibly varying from a vertical 

direction. 

160. " The complete parallel motion, which is most 
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watt's pa&allel motion. 



nniyersallj adopted in large steam-engixies, is shown in* fc] 

annexed fig. 
so employed 
beam of the en( 
becomes one of 
radius rods of tl 
system, a b is 
this beam, of ■whicl 
the centre of m< 
tion is A. It 
two links E B, B 
jointed to it, 
which BE is term< 
the main-link, and e d the hack-link, and these are connected 
below by a third link n p, termed the parallel-rod, and eq 
to B E. The radius rod or hridle-rod c n is jointed to the em 
D of the back-link b d, and its centre c is fixed at a verti< 
distance below a equal to b d or b r. The length of the 
rods are so proportioned that e shall be the point to 'wrhich 
the rectilinear motion is communicated, or parallel-point as 
it is termed." — See JPrqf, Willis's Mechcmism, Art. 447, who 
deduces from a learned and abstruse investigation, the 
following simple equation exhibiting the proportions of the 
parts constituting the parallel motion. 




or CD = 



AE^ 
DE 



AB- = CD X DF, 

= length of the radius rod. 



161. " Since the parts ae, eb, cd considered separately, 
form a system similar to the arrangement in Art. 159, it 
follows that if the proper point d between n and e be taken, 
an additional parallel motion is obtained ; so that this form 
combines two parallel motions in one, and is commonly so 
employed in steam-engines, by suspending the great piston 
rod p p fipom p, and the air-pump rod da from d in the link 
£ n," The position of the point d is found from the follow- 
ing equation. 

, EB . AE 

AB 4- on 

Noie, If the system of linl&'work constituting the parallel motion be 
moved into all the positions it is capable of taMng, the actual paths of 
the points f and d would be found to be, since the extent of the stroke 
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the piston is small, curves in the shape of the figure 8 ; but the 
>rtion of the curves described, differ insensibly from right lines. See 

/. WiUia's Mechanitm, Arts. 441 to 452, where various other important 
ivestigations on the same subject are given. Mr. Ifann, in his work on 
* Steam-Enginef has also given similar methods of constructing the 

uUel motion. 

white's PABALLEL MOTIOIT. 

162. Toothed wheels are sometimes used in parallel 
motions ; their action is necessarily not so smooth as that 
of Watt's, but on the other hand the 
jfectilineal motion is strictly true, 
instead of being an approximation. 
^A fixed annular wheel d has an 
axis of motion a at the centre of 
Hs pitch-line. An arm or crank 
k B revolves round this centre of 
motion, and carries the centre of a 
wheel B, whose pitch-line is exactly 
of half the diameter of the annular 
wheel D, with whose teeth it gears. 
By the well-known property of the 
hypocycloid, any pomt c in the circumference of the pitch- 
line of B win describe a right line coinciding with a diameter 
of the annular pitch-circle. If then the extremity o of 
a rod c <? be jointed to this wheel b, by a pin exactly 
coinciding with the circumference of its pitch-circle, the 
rotation of the arm a b will cause o to describe an exact 
straight line, c/, passing through the centre a." 

Note. " Since A c= 2 cos. B a c, it is evident that the velocity ratio of 
c to A B is the same as in the common crank, and the motion produced 
on c is equal to that which would be given by a crank with a radius 
equal to 2 a b, and in infinite link." 
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163. This nucbme is chieflj- used for raifling bnildiiig 
materials to a great height. It is worked by two handle^ 

2 H H, which tiuu the axle A f, 
on which ia fixed the pinion 
r, turning the Bpnr-wbeel s, 
on the axle of which is fixed 
the barrel or dram b ; 
rope B coils round this barrel, 
and passes over a pulley fixed 
upon the scaffolding to which 
the materials are to be r^sed. 
"When very great weights are 
required to be raised, the 
power of this machine may 
be greatly increased by the 
addition of another spur- 
wheel and pinion. The re- 
coiling of the machinery is usually prevented by a ratchet- 
wheel fixed on the axle a p. 

Example. — Let the length of the winch of each of the 
handles HH be 18 inches, the radius of the pinion p ^2 inches, 
the radius of the spur-wheel 8=20 inches, and the radius of ' 
the barrel or drum s = 8 inches ; required, the weight that 
can be raised by the crab when a continuous power of 150lb. , 
ia applied to the two handles? 

By Art. 30, eqm. (2) w = "° \ "g" ^ = 33751b, 

= 30 cwt., 15 lb., the weight required. 

THE JIB CSAITE. 

164. This machine ie used for nusing weights vertically 
by means of a rope or chain coUing round a barrel and 
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pasfdng over a pulley or pulleys attached to a projecting 
arm, called the jib. 
lu the annexed figure, the jib jke rests as weU as turns 
1 an axle e, firmly fixed in masonry, and is also further 
supported by rollers. The handle A turns a pinion a, which 
turns the Bpur- wheel i ,- a pinion on the axle of b turns the 
wheel c ; on the aile of the wheel c is a barrel, round whicb 
coils the chain p,p,p passing over two pulleys p, p ; the 



end of tbe chain has a hook d to lay hold of the weight 
which is to be raised. Tbe barrel on the axle of the wheel 
f is ftimiebed with a ratchet-wheel and detent. Tbe 
ottDs admits of being turned round so as to bring the book 
dover any object lying within its circular range, and after it 
is raised the whole machine may be turned round again, to 
deposit it at any other place within that range. 

When tbe crime is not required to lift very great weights 
only one spur-wheel b is necessary, to the axle of whicb tbe 
burel is fixed in this case. 

Sote. — This crane, which was patented by Matrt. W. Pairhaim aai 
SoM, MaveKaltr, affords an additional example of the eitension of th« 
tnLuUr ijatsm in the light and elegant conatruction of ita jib. 

Example. — IJet the length of tbe winch or handle h 
=20 inches, the radius of the pinion a = 3 inches, the 
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radius of the wheel i = 18 inchei, the radiua of 
pinion ob the axle of b = 4s inches, the radius of the wheel 
c=:24 inches, and the radius of the barrel on the axle of 
(T=8iache8; required, the weight the crane will lift when a 
contiauoua power of 1001b. is applied to the winch P 

By Art. 30, n^ (2) ^= ™ ^"^^^1 " " := 9000 lb, 

= 4 tons, 40 lb., the weight required. 

TBIE PILE ENGDIE. 

165. This engine ia used to drive piles into the ground 
for the support of the piera 
of bridges, or heavy 'walls, 
where the soil ia not suffici- 
ently firm to carry the struc- 
ture. B is a heavy block of 
metal, usually about 10 cwt., 
called the ram, which being 
drawn up by a chain passing 
over the pulley p, faUa by ita 
own gravity upon the head of 
the pile p, and thus drives it 
into the ground. The ra; 
drawn up by a crab (described 
at the beginning of this Chap- 
ter), and at the end of the 
^Jv \\ chain ia a pair of nippers « t, 

il Ml « which lay hold of the loop At 

the top of the ram ; r ia a heavy 
sliding piece fixed on the nip- 
pers, and when the ram is 
drawn up to near the top of 
the li-ame aa. bb, the two 
forks s of the nippera are 
closed between the inclined 
stays CD, CD,thu8 causing the 
nippers to open below, which, 
releasing the loop, allows the 
ram to fall upon the head of 
the pile. The nippers are 
"^ then allowed to fall by the 
weight of the sliding piece r, and they are so contrived as to 
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j fix themselves on the loop of thoTam, which is thus prepared 
:for another ascent. The height of the frame a b is nsuallj 
from 20 to 30 feet. There are various other methods of 
constructing the pile engine, but the one just described 
is the most commonlj used. 

THE HAITD JACK. 

166. This machine is much used in raising large blocks of 
timber or stone through a short space, by 
builders ; part of the case of the machine 
is open to show the wheel-work, Ac. h is 
the handle, which turns the pinion a acting 
on the spur-wheel c ; the pmion ft, on the 
axle of c, acts upon the teeth of the rack 
B B, which is provided with a fork to lay 
hold of the beam or other material to be 
raised ; and d is a detent to hold the rack 
as it is raised. The power of this machiue 
may be calculated by Art. 30, equa, (2). 

Example. — Let the length of the handle 
H = 20, the radius of the spur-wheel 
e = 15, and the radii of the pinions a 
and h each 2 inches ; and let 'the power 
applied at h be 1 cwt. ; then the power 
acting on the rack, that is, the 

20x15x1 cwt. ^_. . 
power at f = ^ — 5 = 75cwt. 




THE PATBITT EXCATATOB. 

167. This machine, originafly an American invention, is 
capable of cutting and levelling earthwork for the making of 
railways and for other works, at a cost considerably below 
manual labour, and which has the additional advantage of 
saving much time. By the attendance of the engine-man 
and assistant, together with the labour of six men for 
carting away the removed earth, this machine, it is said, can 
be made to excavate 1500 cubic yards in twelve hours, at a 
cost of fuel of 12*. per diem. The cost of the machine is 
1500?. Earthwork m England has generally been taken at 
10<?. to 1*. per cubic yard. 



See " Ensamplea of Railway Making/' royal Svo. 
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100 THE PATPJJT EXCAVATOR. 

Thia appnratua is a strong rectangular &ame of wood, or 
other material, mounted upon wheels, supported, together 
with the machine, on a temporary railroad; at one end 
of this frame is a strong crane, consisting of a vertical shaft 
or pillar, with the jib supported by diagonal stays, or anus : 
to the end of the chain tackle is suspended a scoop, shovel, 
or scraper, made of strong boiler-plate iron, and consisting 
of two sides, end, and bottom, the edge of which latter ia 



provided with four or more projecting points or cutters ; 
and between these, and at their roots, is a steel edge, well 
tempered, so as to resist stone or other hard substance with 
which it may come in contact : the chain tackle is attached 
to the sides of the shovel, and parses over a pulley at the 
end of the jib, and over another pulley fixed on the top 
of the pillar or support of the crane, and from thence to the 
barrel, upon which it is made to coil. The periphery of the 
last-mentioned pulley is formed with indentations to receive 
the. links of the chain, for the purpose of giving motion to 
tfefe'^HjIey, which has on its axis a bevel- wheel, taking into 
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and driying a similar wheel, upon the end of an inclined 
shaft, which shaft actuates certain machinery fixed to and 
supported by the diagonal arms of the crane. This machinery 
consists of a barrel, with other appurtenances, round which 
is passed a chain, with its ends attached to the opposite ends 
of a beam or arm, which is also fixed to the shovel or scraper. 
The crane is capable of being moyed round, so as to turn the 
Bcoop, when elevated, either to the right or left, in a hori- 
zontal direction; for this purpose a "horse-shoe pulley," 
having a groove in its periphery, is affixed to the upper part 
of the crane : a chain, attached at each end to a transverse 
har, passes round this pulley and over certain horizontal 
and vertical guide-pulleys, to a barrel, in such a manner 
that, by reversing the motion of the barc^l, the jib of the 
crane can be turned either to the right or left. A steam 
engine is erected at one end of the rectangular firatne, 
or platform, for the purpose of giving motion to the various 
parts of the apparatus. "When commencing operation, the 
shovel, or scraper, is suspended by the chain tackle in a 
nearly vertical position, with the steel points towards the 
ground : by releasing the clicks, or catches, of the chain 
barrel, and applying the brake, the shovel will be lowered, 
and force itself, by its own weight, into the ground ; then, 
by communicating motion to the chain barrel, the tackle 
"wSflbe raised, and, by means of the indented grooved pulley, 
motion will be given to the shaft which actuates the macninery 
on the diagonal arms, which, in its turn, will force forward 
the shovel into the ground. At the same time that this 
motion is going forward, the shovel, or scraper, is being 
raised or lifted up by the tackle, by which means the shovel 
has a double motion — a thrusting forward motion and a 
lifting motion. When the shovel has become filled, and 
attained its proper altitude, these motions stop, and the 
shovel being prevented from returning by the clicks, or 
catches, the other barrel is thrown into gear by means of 
a coupling or clutch-box, and the crane turned round so 
as to bring the shovel over the cart, or other place of deposit; 
and by certain arrangements it is turned up so as to empty 
itself, in which position it is again reaidy for another 
operation. 

UNCOUPLING rOB EAILWATS. 

168. This apparatus was first used on the Taunus Eailway, 
which, from its simplicity and efficiency, cannot be excelled. 
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THE DREBGINO MACHINE, 



It is attached to the hinder part of the tender t, and is used 
in case of emergency, as well as being constantly used at tlie 
stations, saying much trouble, and with less danger to engine- 
men, as they can disconnect at any speed or at any time, 
whether the engine and train are in motion or not. The 

apparatus consists 
of a leyer a c, moviag 
on afulcrum b, whicli 
rests on the tender 
at K; this leyer is 
keyed at c to a rod 
CE, which is con- 
nected with a double 
eye and rod to the 
slightly conical pin 
D, going through the 
large double eye d, 
which is attached to 
the drag-spring p of 
the tender t; the 
links E, E are to 
admit the yibration 
of the drag-spring, 
which is always moFQ 
or less stretched 
when the train is 
behind the tender; 
G is a guide, bolted 
upon the planking of 
the tender, to keep 
the pin n always in 
a right position ; h is 
a standard or catch- 
plate screwed upon 
the tank to hold the 
leyer a c in its place. When it is found necessary to uncouple 
the engine, the leyer a c is lifted out of the notch of the 
plate H and allowed to fall, by which the pin n is raised and 
the engine is immediately disengaged. This piece of me-^ 
chanism was inyented by Mr.Thorman,of Newcastle-on-Tyne. 

THE DBEDGING MACHINE. 

This machine is used for raising sand, mud, and grayel 
from the bottoms of harbours and nayigable rivers, for 
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the piupose of increasing their d«pth and improving their 
uangataon. 

169. The boat, or vfioaa] thai contains the dredging 
machine, by Mei»rt- Svmmerg and Co., is 90 feet long 



and 22 feet on deck. A. section of the Bteam-engine, that 
weeks the dredging apparatus, is shown in the figure : a is 
the boiler, b the engine, Ac., both of which are adapted 
to marine pun)oses. The endless chain abvh carries a 
Beries of buckets i, I, b, Ac., which are attached to its 
alternate links. The chain passes orer the toothed axle 
&xed on the wheel a, and a sunilar axle at v, which is near 
the bottom of the water when the machine is at work. The 
fuil buckets ascend on the upper side of the chain, and on 
passing q become inverted, emptying their contents into the 
Bmall boat e. The buckets are perforated to let the water 
run out of them, and their top extremities are pointed to 
pierce the mud, sand, &c., at the bottom of the water. 
Motion is given to the fly f, and the wheels and D, by the 
crank-shaft of the engine b, and communicated by the line 
of shafting e, e, e, to the wheel g by a pinion, not shown in 
the figure, and from thence to the buckets. The bucket- 
frame H, acting oa the axle of the wheel o as a centre, is 
regulated to a proper depth in the water by the engine, by 
means of wheels which act upon the barrel r, and round 
which the chain of tackle t passes, as shown in the figure. 
The number of the buckets may be from 20 to 40, according 
to the depth of the water ; each bucket ia 26 inches wide, 
16 inches broad, and 17 inches deep ; and formed of the best 
plate-iron | of an inch in thickness ; also on the fronts, or 
pointed paks of the buckets, are fixed pieces of iron edged 
with steel, for the purpose of increasing the strength of that 
portion of the bucket, and the better opting it for coming 
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in contact mth hard materialB. With an engine of SO-borse \ 
power this apparatus will hft, from a depth of 18 feet, about 
110 tons of mud or cky per hour, or 160 tons of s&ud or | 
gravel in the same time, but in very hard ground, intermixecl 
with stones, no proper amount of quantity can he givea. 

THE DBILLISa UA.CHIHE. 

170. Where great accuracy la required, the common 

method of drilling holes with the bow cannot be applied, 

especially where large holes are to be bored in metal. Tbe 

portable drilling machine, shown in 

the margin, is a simple and useful 

contrivance, which may be driven 

either by hand, or bv other machinery. 

Upon the bed a the standards », b 

are firmly fixed, supporting the two 

hearings c, c of the drill-spindle D d, 

in which the drill d is fixed. The 

driU-spindle is turned round by the 

bevel wheels a, b, the former being 

fixed on the axle of the fly-wheel z, 

which is worked by the handle h. 

To give the drill the requisite vertical motion there is a 

small fly-wheeiy working upon the screw d on the top of the 

spindle n d. This machine is one of Mr. Ja/mes NasmythtS, 

TEE HAHD-QSILL. 

171. Where moderately heavy work 
is required to be done, and where the 
drill just described cannot be applied, 
the hand-drill may be advantageously 
used : motion is ^ven to the machine 
by the handle A, through the bevel 
wneels a, i, to the drill d, the part 
m of tbe frame beit^ placed against 
the breast of the operator. 

ITABMYTH'S rOOT-BEllt. 

172. This machine is driven by the riggera or pulley B, 
the one running loose while the other is fixed to the spindle 
for conveying «ie motion by means of the upper and lower 
seta of speed-pulleys e, the strap of which is shown by the 
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dotted lines. The motion is then carried at right angles to 
the drilling spuidle d by the bevel wheels e. A moveable 




] 



table ^, for supporting the work to be drilled, is fixed in the 
&ame a, in which it slides, and can be raised or lowered bj 
the wheel h and screw A', according to the size of the work. By 
means of the footboardy* working as a lever on its fdlcrum, the 
drilling-spindle is made to rise and fall ; the pressure of the 
foot on the board causing the vodf to rise, which, by the 
upper lever fixed to the frame of the machine, depresses the 
spindle d while it is revolving ; as soon as the pressure is 
withdrawn, the coimterbalance weight f" causes the drill to 
ascend to its former position. 



THE COMMON rOOT-LATHE. 



173. This machine for turning metals or wood, by causing 

the material to revolve on central points, and be cut by a 

tool held by hand or fixed in a slide-rest, is by Messrs. 

v3 
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LATHES. 



WHtworth. In the common foot-lathe, shown in the annexed 
figure, the cutting-tool is held by hand. 

The axis or spindle a b, is called the mandril, and is made 
to revolve with considerable variation of speed by means of 
the speed-pulleys s, s', which are connected by the band or 




strap 5, shown by the dotted lines. The frame f carries a 
pointed screw within the fixed female screw d e, the pointed 
screw is moved by the wheel e for the purpose of adjusting 
the distance b r to the length of the bar, which is to be 
tamed; the frame r can be moved lengthwise by unscrewing 
the nut which fixes it to the frame of the lathe. The cutting 
tool of the workman is supported by the rest e, which can 
also be moved lengthwise by unficrewing the nut which fixes 
it. The speed-pidleys s, which act as a fly-wheel, are made 
to revolve by the crank c, on pressure bemg applied by the 
foot of the workman to the treadle t- The bar of wood or iron 
to be turned is fixed between the points b andB, &nd is made 
to revolve with the spindle a b by means of clutches, which 
lay hold of a small vice screwed upon th© bar. 

Note. — In Chap. V. are given detailed descriptions of self-acting 
and self-adjusting lathes, which are adapted to plain and circular 
turning, screw-cutting and boring. The method of arranging the 
mechanism, and making the calculations for cutting screws of any 
required pitch, shall next be given. 



174. 
screws 



" Change-wheels are employed in lathes for cutting 
of any required pitch, and also in self-acting lathes. 
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The following figure represents the general arrangement of 
this mechanism; Aft is the spindle or mandril of the lathe; 
to which is united, in the usual way, a cylindrical rod h a, 
upon which the screw is to be 
cut. c c is a long screw revolving 

in bearings fixed to .the frame of *^ ^^j^itrh ^p'A 

the lathe, and giving motion, by 
^ means of the nut n, to a sHding- 
table or gaddle, upon whicfi. is 
clamped the pointed tool m, which 

is intended to cut the screw. Every revolution of the screw 
c c will therefore advance the tool m through the space of 
one pitch of its threads, and supposing the spindle a a to 
revolve with the same velocity as the screw c c, the tool will 
trace upon the surface of ha o, screw of exactly the same 
pitch as c c ; but, if A « revolve with a less velocity than the 
screw c Cfla wiU have a greater pitch. 

" If A « and c c be connected by a set of change-wheels p, s, 
we can, by properly choosing the numbers of teeth in these 
wheels, obtaiQ any required pitch for the screw h a. Let b 
be an intermediate axle supported by the jframework of the 
lathe, and either carrying an idle wheel, or two additional 
change- wheels q and e. Now the pitch of screws is com- 
monly defined by stating the number of threads in the inch. 
Let the screw c c have n threads in the inch, and let the 
number of teeth in the wheels p, q, e and s be respectively 
represented by those letters ; then one turn of c c advances 

the tool m through the space of ^ and one turn of a a 

advances the tool through the space which corresponds to 

■ turns of c, (Art. 30) that is, through — inches. 

QXS ^ ^ °QXSX^ 

The pitch of the screw a « is therefore ^threads in 

^ p y E 

the inch. Thus, by providing the proper change-wheels, a 
screw of any required pitch can be cut. The pitches usually 
cut upon these lathes extend from about 4 to 50 threads in the 
inch, and a set of twenty change-wheels will generally be suffi- 

cient to supply all values required for -. These should 

P X E 

be arranged in a table, and the wheels corresponding to each 
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written opposite to tbem to save the trouble of computation 
during the work." 

JEx€mple. — Let the numbers of teeth in the wheels p, Q, b 
and 8 be respectively 18, 12, 24 and 12 ; and let the screw 
c c have 9 threads to the inch, or ft = 9 ; 



then 



Qxsxn 12x12x9 



PX B 



18x24 



= 3 threads in the inch. 




Note. — " If the apparatus, just described, be used for tomiiig 
cylinders, instead of cutting screws, the arrangement will not essentiBlly 
cUfifer, for the motion by which a tool traces a cylinder is precisely the 
same as when it cuts a screw, only that the spiral thread is much closer. 
In a lathe for turning, the number of cuts will be from 50 to 1000 in 
an inch." 

PXrWCHIKG IfACHOTB. 

175. This machine is used for making holes for the 
rivets that join iron plates together for the purpose of 

forming the boilers of 
steam-engines ; for this 
purpose immense force 
is required to be exerted 
through a small space. 
In this machine a heavy 
cast-iron lever l is used^ 
having its Mcrum at F, 
in the strong standard 
B B ; the shorter arm 
carries the punch p, the socket of which is s, and which is 
kept fast by the box a in which it slides. The longer arm of 
the lever l is raised by the camb c, and is on the same axis 
as the heavy fly-wheel w, which is moved by steam or any 
other efficient power. 

SHEAES FOB CFTTDTa METAL. 

176. In this machine l is a heavy cast-iron lever, moving 
on the fulcrum n ; the camb c, revolving on the centre of 
motion a, acts upon the friction roller jp, which is attached 
to the end of the longer arm of the lever ; b, b are the 
edges of the shears, formed of strong steel plates to cut the 
metal, the lower of which is firmly fixed to the heavy block 
E ; the weight of the longer arm i) p keeps the friction 
wheel p in contact vrtth the camb o, on the centre a of 
which is fixed a ponderous fly-wheel w. When the machine 
is in the position shown in the figure, the metal required to 
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be cut is placed between the edges b, b of the shears, and 




the camb o revolving, raises the end p of the lever, thus 
causing the edges of the shears to close and cut the metal. 

Si.W MILL. 

177. The annexed figure explains the connection of the 
parts of a saw mill, though various other constructions of 
the same machine have been recently produced. " A is a 
toothed wheel, which may be sup- 
posed to be driven either by a water 
wheel or a steam-engpe, and its 
teeth are engaged with those of 
the smaller wheel b, on whose axis 

is fixed a crank c and an excentric , 

B. The crank is connected by a /^ ^ 
link c with the saw frame n ; this ^-^ 
is fitted between guides, and there- 
fore, when the crank revolves, 
receives a vertical oscillating mo- 
tion. The timber w which is 
submitted to the action of the saw, 
is clamped to a carriage which 
moves on rollers m, n jb. 2k hori- 
zontal direction. While the saw 

is in motion, as above described, the carriage and timber are 
made to advance in the following manner. The excentric 
% communicates an oscillating motion to the lever ef whose 
centre of motion is/*; this lever carries a cHck r, which acts 
upon the teeth of the ratchet-wheel G, to which an intermit- 
tent rotation is thus given. Upon the axis of a is a pinion 
H, which, gearing with a rack fixed upon the wood-carriage, 
causes the latter to advance towards the saw with the same 
intermittent motion. This intermission is ac^usted to the 
motion of the saw-frame, so that when the saw rises the 
wood shall advance ; and when the saw descends, and there- 
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fore cuta tLe iroocl, shall remain at rest. The cut is made 
by the mcliaed jjoaition of the saw, the toothed edge of 
i^ch is not Tertica! bat slightly inclined forwards, so as to 
bring the t^etb into succeBsive action during the descent of 
the frame. The detent l Bfltrea to hold the ratchet- ■wheel, 
and therefore the wood-carriage, firm in ita position during 
the cut." — See Prof. Willu's Mechanmn. 

TH£ SUOKT JACE. 

178. This machine is well known as being used in tho 

kitchen to turn the spit. 
A s ia a horizontal 'wHeel 
in which vanes or sails are 
inclined to the horizon. 
The rarifiedair and emoke 
rushing op the chimney 
at B, strikes these sails, 
and caosea the wheel to 
reTolve together with tbo 
pinion o, which is on the 
same axis ; c turns the 
fece-wheel d and the pul- 
ley E, which are on the 
same aiis; and e carries 
the chain or cord which 
tumB the apit. The wheel 
A B must be pla:Ced in the 
straighteat part of the 

" chimney where the motion 
of the air is swiftest, and 
that the greater part of it 

. may strike upon the sails. 
The force of this machine 
increases in proportion to 
the heat of the fire, and 
the consequent higher ra- ' 
rifaction of the air. 

TQE COHMOK CLOCK. 

179. This figure represents the arrangement of the wheel- 
work of a clock of the sunplest kind. " The weight w is , 
attached to the end of a cord, which is coiled round the 
barrel a. Upon the same axis as that of the barrel is fixed 
the toothed wheel b, and this wheel driTea the pinion b, which I 
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ia fixed on the second axis cb of the train, which also 

carries a. wheel c. This wheel 

drivcB a pinion C upon the third 

asia, and upon this asis is fixed 

a toothed wheel b, which is called 

an escapement or swing-wheel," 

(see Art. 138) one toofli of the 

wheel s escaping or paosing the 

line of centres for every vibra- 
tion of the pendnlum e'/', which 

is attached to the verge e d, the 

pallets d on the vei^ being 
engaged with the teeth of the 
wheel n. 

" Xiet the time of a vibration 
of the pendulnm be f seconds, 
where 2 is a whole number or a 
fraction, and let the swing-wheel 
hare e teeth, then the time of 
rotation of this wheel is 2 te. To 
take a simple cose, let the pen- 
dnlum vibrate seconds ; therefore t=l, and if e = 30, the 
Bwing-wheel will revolve in a minute ; and if b have 48 
teeth, 0=15, the pinions 6 leaves each, and K the number of 
revcdntiocs made oy i. while n makes one revolution, then 
48x45 „„ 

therefore a will revolve in one honr ; and suppoaing the 
cord to be coiled about 16 times round the barrel a, the 
weight w in its descent will uncoil it and turn the barrel 
round, communicating motion to the entire train until the 
cord is completely uncoiled. 

" This train of wheel-work is solely destined to the 
pmrpoee of communicating the action of the weight to the 
pendulnm in such a manner as to supply the loss of motion 
&om friction and the resistance of the air. But besides 
this, the clodc is required to indicate the hours and minutes 
by the rotation of two separate hands, and accordingly two 
other trains of wheel-work ate employed for this purpose." 
1!he train just described is generally contained in a frame 
eonrasting of two plates, shown edgewise as k l,mn, which 
are kept parallel and at the proper distance by three or four 
pillare, not shown in the diagram. Opposite holes are 
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drilled in these plates, wMch reoeiye the pivots of tHe axes 
already ' described. But the aris which carries a. aad b 
projects through the plate, and other wheels s ai\d f, are 
fixed to it. Below this axis and parallel to it, a stout pin or 
stud is fixed to the plate, and a tube revolves upon this 
stud, to one end of which is fixed the minute-hand ^ and 
to the other a wheel e engaged with £. In our present 
clock £ revolves in an hour, consequentlj the wheels e and e 
must be equal. A second and shorter tube is fitted upon 
the tube of the minute-hand so as to revolve freely, and 
this carries at one end the hoiu*-hand h, and at the other a 
wheel f, which is driven by the pinion v ; and because y 
must revolve in 12 hours, it must have 12 times as maaj 
teeth as t." Per an elaborate work on clocks, &c., see 
Budimentaiy Treatise on Clock and Watch making, by 
£. B. Denison, M.A. 

THE PEBAMBTJLATOB. 

'^ This machine is used for measuring distances on roads, 
for settling disputes concerning the charges of the drivers 
of hack-carriages, and for other purposes. It consists 
principally of a wheel upon which it runs, and an index 
which shows the number of turns of the wheel reduced into 
miles, fiirlongs, poles and yards. The carriage or stock is 
made of wood^ and is about three feet long. At one end is 
a handle for the person who uses it, and the other is 
furnished with brasses in which the axle of the wheel turns; 
this end of the stock has the central part removed, thus 
leaving two arms between which the wheel works. Upon 
the stock and just in front of the handle is the dial-plate 
with its two hands by which the distances are registered. 
The wheel is 8i feet or i pole in circumference. Upon one 
end of the axis of this wheel is a small pinion which works 
into a similar pinion at the end of a rod which passes up the 
stock to the work beneath the dial-plate. iJpon this rod 
is an endless screw, which turns once round for every 
revolution of the carriage- wheel of the perambulator. This 
screw works into a wheel of 80 teeth, which is consequently 
moved one tooth for every i pole, and carries an index or 
hand making one revolution* for 40 poles or 1 furlong. 
On the axis of this wheel is a pinion of 8 teeth, which works 
into a wheel of 40 teeth, and on the axis of this second 
wheel is a pinion of 10 teeth, which moves a wheel of 160 
teeth. This last wheel carries another hand, which conse- 
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^^uently makes one reToImtion for 80 of the former. These 

£aiids are concentric like the hour and minute-hands of a 

^ock. The first of these circles is divided into 220, and 

i^e second into 40, the respective numbers of yards and 

poles in a furlong ; the figures on these circles are read off 

by the first-mentioned index. The third circle is divided 

' into 80, the number of furlongs in 10 miles, and to this 

circle belongs the index attached to the wheel of 160 teeth. 

The distance moved over is shown hj reading off the figures 

of the indices, or hands, and dividing the number shown by 

tlie last-named hand by 8, which gives the distance required 

in miles, furlongs, poles and yards. The instrument is 

famished with a stop, so that after the distance is measured, 

the perambulator may be conveyed without the hands being 

altered. When about to commence a measurement, the 

"wheel should be turned round until the first-mentioned 

hand points to 220 on the circle of yards, which may be 

called the zero of the instrument." — See JPerambulator, 

JPenmf Cyclopcedia, 



CHAPTER IV. 

PUMPS AND OTHER HYDRAULIC MACHINES. 

— • — 
THE COMMON SUCTION PUMP. 

180. This machine, so welj known in domestic establish- 
ments, is usually thus constructed, a c is a cylindrical 
barrel, a b a pipe having its lower end in water ; «? is a fixed 
valve opening upwards, and ^ is an air-tight piston, moveable 
by a handle or brake fixed to the rod, and having a valve i>' 
opening also upwards. Now, let the piston p descend as 
low as it can, each valve being shut ; then, when p ascends, 
there will be a vacuimi in the barrel between a and o, and 
the valve v will be opened by the upward pressure of the air 
iu the pipe a b, and the air will follow the piston and fill the 
empty space a c. The air in the pipe will thus become 
ranfied, and hence the pressure of the air on the surface 
of the water at w will be greater than the pressure of the 
air in A B, and therefore the water will be forced a short 
distance up the pipe a b, till the equilibrium is restored. 
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On igain depressiag the piston, the valve ti is closed, 

the vahe v' forced open (aa in fig. 2) 
through which the air in a c eocapea. Oi 
raising the piston a second time more aia 
rushes from a B, and the waiier in tfafl 
pipe rises still faighear. [Thus, b^ aiteniateln 
rainng and depressing the piston, all tfaM 
air wiD be drawn oat of a b, and the wat^l 
will rise up to the ralve o. The pistt^rl 
being now raised water instead of air will 
open the valve c, and rush into the barrel, 
uid, on lowering the piaton, the water 
closes this valve v, thus preventing it front 
flowing back ; at the same time the water 
forces open the valve t>' and passes through 
it, so that the water is now both above and 
below the piston. This action being con- 
tinued, the water will rise still higher above ' 
the piston, till it be discharged at the 
spout 8. 

JVo(«. — In this pump ike height of tJie valve v 
above Qie water must not greatly exceed 30 fent ; 
because the presgure of the atmoaphere, in ita rarest 
state, will aot laiae the water in a vacvum above 
that tdtitude. 

THE rOBOITTG PUUF. 

181. In this machine af ia the suction 
tube, A B G c the body of the pump, and 

H K a tube aaoending to aaj required height. The body of 
the pump is furnished with an air-tight 
solia piston or plunger m s, attached to 
the rod v, which is moved by a handle or 
hrafce, as in the last Article. At c and h 
are fixed valves opening ujtwards. Now, 
suppose the plunger d at ita greatest de- 
pression, the valves closed, and the air in 
its natural state ; then by the ascent of 
H N, the air in A c N H occupyin(f a greater 
space, its elasticity will be (Umimshed, and 
consequently the greats elasticity of the 
air in A 7 will open the valve at o, while 
the valve at h is kept closedby the elasticity 

of the external air ; water will therefore rise in the suction 
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',. On the descent of h it from its greatest elevation, 
increased elasticity of the air in the body of the pump 
riil keep the valve at c closed and open that at H, wneace 
ir will escape. By similar aacente and descents of the 
xeton the air -will be expelled and water rise into the 
toAj of the pump. The descending piston will then press 
he: water through the valve at s, which will close and 
pvvent its return into the body of the pump. The ascents 
and descents of the piston, being thus continuBd, will raise 
tiie water to any required height in the pipe n k. 



rOHCEKG PTTMP WITH AK AIB-CHAUBBB. 

182. In the forcing pump just described, the stream is 
intermittent, since there is no force impelling it during the 
descent of the piston. One mode of remedy- 
ing this is by making an interruption in the 
ascending tube, which is surrounded by an 
ar-vessel t, in which, when the water has 
risen above z,the air above it is compressed, 
and by its elasticity forces the water up the 
pipe z T, the orifice of which is narrower 
than that of the air-chamber p q, and there- 
fore the quantity of water introduced during 
the descent of the piston will supply its 
diacbarge for the whole time of the stroke, 
producing a continued stream. — -- 

Note. — There is a great defect in the pump juBt described; for after it 
hi* been aome time in action, the air in the chainbcr P :J beoomea 
absorbed into the water, bo that it is found th&t at length nearly al] the 
six has passed off wi'lh tha water discharged from the pump. The 
defect of this pump js remedied by the following arrangement. 

inE DOUBLE-AOTISG PrMP. 

183. This machine is simply s. double-acting forcing pump. 
P is a solid piston, or plunger, attached to a rod which passes 
through an air-tight stuiHng-box at b. On each side of the 
cylinder containing the pbton are two pipes ab,cd. The 
water is drawn i^ i i &om the well, and forced up c d io 
the reservoir. The valves a., b, c, b all rise in the same 
direction ; and supposing the body of the pump to be filled 
with water, then by the raising of the pistcm the valves a 
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and » will be opened, whDe c and b will be kept shut by tt 
pressure of the water on them ; at the aame time the wat 
is forced by the piston through the valve 
and from thence up the pipe c d; while by tl 
pressure of the external air the water rises i 
the pipe a, and pressing open the Talve a, f< 
Iowa the aflcenaing piston. But when tl 
piston descends, the ^ves a, d will be close 
and 0, B opened ; the water in this case 
forced through the valre c up the pipe c ■ 
thewater at the same time entering the cylind 
by the Talve B, follows the descending pifltoi 
and so on. 

TOE riBB EffailTE. 

184. This engine is a combination of tw 
forcing pumps s 7, e H, the pistons of whic 

are q, q', wnich force the -water through tw 

valves, opening inwards, into a large receiver c 
air-chamber a b c d. From the receiver proceeds a fiexibl 
tube H i^ called a ioie, of any required length, throug 
which the water is tfarowi 
and directed to any point 
The pumps are worked by 
the lever kts, the fulcrunt 
of which is t, bo that while 
the one pisttm ascends the 
other descends. The suction- 
pipe B Buppliea the water 
required to be raised. When 
the piston q' is nused, the 
. pump a H becomes filled, and the descent of q' wiU cause 
the valve h to close, and force the water into the air- 
chamber through the valve i, while the water in the ^r- 
chamber vrill close the valve e. At the same time that q' 
ascends, q descending will force the water through the valve 
E into the air-chamber. By these means the aur above the 
surface of the water in the chamber, becoming greatly com- 
pressed, will, by its elasticity, force the water to ascend 
through the hose U L with a great velocity. 

i\^OtA — There are variouB other arrangementa in the puts of this 
mftohine, the chief of which ia link-work, like the parallal motion. 
Art 100, attached to the larer B a, aod the pietonB b q', s q, to mHke them 
uceiid and descend verticall;. The Bome thing ie also accomplished bf 
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to Bsgmsats of i qrar-wlieel, filed on the lever, and acting on rackg 
led oQ the pietoDs; both of which additions are improvements. But 
le general principle of the nucbine ia the same m that jiut described. 
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185. This machine is usually formed by a spiral pipe of 

peveral conTolutions in one plane, as in the anneied fig. 

Che curved pipe ia connected at its inner cod, by a water- 

nght joint, to a vertical pipe *" 'i while the other end b 

receives, during eaeh revolution, nearly equal quantities of 

air and Tf ater. Tbis machine revolves on 

an axis (not shown in the fig.) passing 

through the end r of the pipe. " The 

outer end of the pipe is furnished with 

a spoon B, containing as much water aa 

wiU half fill one of its coils. The water 

entePB tbe pipe a little before the spoon 

liaa reached its highest position, the 

other half refcaining full of dr. This 

air communicatea the pressure of the 
curved column of water to the preceding portion ; and in this 
manner the effect of nearly all the water in the coiled wheel 
is united, and becomes capable of supporting the column of 
water, or rather water mixed with air, in the ascending pipe 
rp. The airnearest the joint atris compressed into a space 
much smaller than that wtich it occupied at its entrance.. 
The loss of power, aupposing the machme well constructed, 
arises only irom the friction of tbe water agaiuat tbe sides of 
the pipe with that of the wheel on its axis, and a small addi- 
tional quantity of water on the aide of the machine nearest 
tbe spoon B : and where a large quantity of water is to be 
r^ed to a moderate height, these aourcea of resistance mf^ - 
be rendered inconsiderable." — Gregory's Mathematics for 
Practical Men. 

Nate.— The spiral pump ia umially caUa . the Zwnck machine, tecause 
it wttH invented, about 1746, by AndrfiB Wirts, of Zurich. It has been 
employed with great aucceas in varloua eountriea ; and the late 
]>. ThoDKu Ycmng states, that he employed it advaiitageouBl; for raising 
water 41} feet high. 

186. The Screw of Archimedet ia usually classed among 
machines for raising water, being aomewhat similar in its ' 
action to the spiral pump jiist described. It chiefly consists 
of a pipe wound spirally round a cylinder, which ia placed at 
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an inuliiutioB of Gram SO'' to 45° to the homon, and k 
capable of being tamed on pivots. The lower end of thj 
spiral pipe being immersed in the water to be raised, tfa* 
water firet descends into the pipe by its gravity^ ; but th4 
cylinder being turned, the water moves on in the pipe an4 
at length issues at its upper end. Sereral circuniHt&nee< 
tend to make this machine imperfect in its operation. Tb« 
a^nstments necessary to' ensure a maximum of work aiv 
often difficult; besides, it seldom happens that the woi^ 
done exceeds a third of the power applied ; so that, notwith- 
standing its apparent ingenuity and simpUcity, it is seldom 
osed in modem times. 

THH HTDEAtniC EiM. 

187. The essential parts of this machine are shown in the 
marginal fig. ; it may be advantageously employed where 
u there is a la^ ^"PP'7 '^^ water 

a with only a am nil descent. The , 

ffl' water running in the indined 

B pipe A. acquires aufficienb force 

B to raise the heavy valve b, 

rwj which immediately stops its fiir- 

JbB9 ther passage. The momentum 

^^^^^^^^l^^^^^g which the water has acquired 
^^ ^B— BBfcB then forces a portion of it 
through the valve o, into the 
aiE-veasel s. The condensed air in the upper part of d 
causes the water to rise in the pipe E, as long as tSe effect of 
the water in a B continues. 
When the water in a b 
becomes settled, the valve 
B will open again by its 
own weight, and the cur- 
rent along AB will be 
renewed, until it again 
acquires sufficient force to 
close the valve b, open C, 
and repeat the operation. 

THE SIJCTIOTT EAM, 

188, In principle thia 
machine is the same as the 
last. The water flows from 
the reservoir A o along the 
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jLi w B ; T is a ball yalve, which closes the opening i, when 
up by the water ; e is a well fronir which the .water is to 
raised by the pipe e s w, having valves at d and w, and an 
ir-chamber c. The pressure of the water in the cistern a a 
tains a current in the pipe a i w b ; and when the water 
acquired a sufficient velocity, the valve t is raised, and 
e openins: i closed : after which the water in the pipe w b 
ntiWs to be discharged at b, thus fommg a Tn^^im in 
tiie pipe. The pressure of the external air then raises the 
water in the well e up the pipe E n w, thus opening the 
valves i> and w ; the water is then discharged at b. When 
the current in the pipe a i b is at rest, the valve y falls, and 
the current is renewed in the pipe i w b, the valve v again 
ascends, and so on as before, 

THE CHAUf PTJMP. 

189. This machine is only used when water is required to 
be raised from 3 to 10 feet in height. It consists of a con- 
tiBuous chain passing over two pulleys (like the upper one 
in Art. 54), one placed vertically above the other, (the whole 
may be conceived by referring to the right-hand figure, 
Art. 60). The lower pulley is in the water to be raised, and 
the upper one at the required height, which is usually turned 
by a winch. The chain is furnished with leathern suckers 
acting as pistons, at from 8 to 10 inches apart, and these 
draw the water up a vertical pipe enclosing one side of the 
chain, when the upper pulley is turned round. 

HYDBAULIC BELT. 

190. This is an endless double band of woollen cloth, 
passing over two rollers, the lower part of the belt being 
immersed in water: it is driven with a velocity of not 
less than a thousand feet per mtaute, and the water con- 
tained between the two surfaces id carried up and discharged, 
as it passes over the upper roller, by the pressure of the 
band. 

THE CENTEIFTJGAIj PTJMP. 

191. This very ingenious and powerful machine was 
invented by Mr. Appold, and its capabilities tested at the 
great Exhibition of 1851. It consists of a hollow disk, or 
cylinder, a section through the axis of which is shown at d, 
and a side view at b with curved Vanes : the disk is 12 
inches in diameter and 3 inches in width at the rim, with a 
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circular opening in the centre 6 inches in (Uameter, tkroi 

which the water paaaea. Thia disk ia encloaed on b 

sides, excepting the central opening, and is quite o] 

all round the rim. The diak is placed verticaUy on 

axle p d paaaing through ita centre ; and on the c 

of thu axle ia fixed a pulley p for driving the disk i« 

a atrap from the geanug ctf a steam-engine, having 

cylinder 9 inches in lOameter and 2^ feet stroke. In order 

raise the water, the diak < 

fixed at the bottom of a v 

tical troidi s v, which is 

feet high, 71 feet broad, i 

one foot wide ; at the bottc 

of this trui± is a tank 

receive the water as it fioi 

out of the valre t . 

there are other valves v,&< 

at different heights in tl 

trunk, according to ti 

height the water may be r 

quired to he raised. 

When in action at 
Oreat Exhibition the wati 
issued at the valve t, whic 
is 10 feet above the dish, a 
the rate of about 2000 gai 
Ions per minute, and th 
diak was making irom 80( 
to 1000 revolutions pe 
minute ; tbg capacity of th 
disk is abqut 345 cubt 
inches, or about 1^ gaUt 

192. WhOe the one-foot 
disk is raising 8 tons of 
water 6|feet high per minute, 
there is no greater strain on anv part <^ the pump than 
160 lbs. on the six-inch drum within the disk ; this strain is 
equal to a leverage of 3 inches. (See the results of various 
eiperiments on the following Table.) 'The pump will pass 
almost anything that is small enough to go through, there 
being no valves ; a quantity of nut-galls (about half a 
gallon) were thrown into the one-foot pump ail at once, 
when it was at full speed, and they passed through without ■ 
breaking one. 
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I Table of Mean BesuUt of variom Experimentt vnih Mr, AppolcPt 



*l 




VeMnjw 


^I'nmp, 






i9arA.of 

i^Klationik 


No. of 
Kallons 

rft&edSfieet 
6 inches hifffa 

per minute. 


EqufralcDt in lbs. 

raited 1 foot high 

per minute. 


Strain in Ibt. 
one dram of 

driTinK one of 

6 in. iQameter, 

umeeiured 

dynamometer. 


EquiTilent 
itrein on the 
Bteem engine 

rated in Iha., 
railed 1 foot high 

per minute. 


Per centage 
ofworhdone 

compared 
with power 

expended. 


^400 


500 


27,500 


74 


44,400 


6i-7 


il 427 
if 440 


600 


33,000 


80 


49,440 


66-7 


700 


38,500 


87 


56,723 


69- 


800 


44,000 


94 


62.010 


70-9 


4 453 


900 


49,500 


100 


67,950 


72-8 


hi ^74 


1000 


55,000 


106 


75,366 


72-9 


3 481 


1100 


60,500 


113 


81,479 


74-2 


1 495 


1200 


66,000 


118 


87,615 


76-3 


^W 518 


1300 


71.500 


121 


94,017 


76- 


,1 535 


1400 


77,000 


126 


101,115 


761 


J 563 


1500 


82,600 


134 


113,163 


72-9 


ii 580 


1600 


88,000 


138 


120,060 


73-3 


I 695 


1700 


93.500 


142 


126,733 


73-6 


if ^^"^ 


1800 


99,000 


150 


136,576 


72-5 



Note, — This machine has lately been found more efficacious than any 
ler hydraulic apparatus of like power, in the di'ainage of Soham Mere, 
Cambridgeshire. 

bbamah's pbess. 

193. This machme has pistons fitted into the large and small 
[cylinders a and b, which are 
connected together, as shown 
in the figure, there being a 
valve at o to admit the water 
from B to A, A pump piston 
in the cylinder b forces the 
"water through the valve o into 
the cvlinder a, and thus raises 
its piston. Now, let the dia- 
meter of the cylinder a = d 
inches, and that of the cylinder 
'Bzz d inches ; then the area 

of the piston is a = i ir D», and the area of the pump-piston 
in B = i TT flP ; therefore the areas are 

as d^ : D* 
or as 1 : -7T 
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Kow, if s E 20 inches and i = ^ on inch ; then 

Therefore, if a force he applied to the pump-piston in b, k 
will produce an effect on that in ^ as 1 to 1600. No« 
Huppoae the pump piston be pressed down by a lever 'with i 
force of 6 cwt. ; then the large piston will ascend with i 
force of 1600 x 5 = 8000 cwt. = 400 tons. 

This preas has appeared in various forms and undei 

various namcB, since its invention by the celebrated mech& 

nician, J. Sramah, who obtiuned a patent for it in 1796. It 

hafl been extensively used for pressing goods of various 

tindfl. Another of its most 

Fi«' •■ useful applications is to the 

testing of gilders and beams 

of cast iron. Its latest and 

Serhapa most remarkable 
utyisthat of lifting the iron 
work of the tubular bridges 
en masee from the water 
level to their final altitude. 
Figures 1, 2, and 3, with 
their accompanying de- 
scriptions, will show their 
arrangements in their chief 
modem applications. 

THE EYDBOSTATIC, OB 
HTDBAULIO PSBBS. 

194. Hydrostatic presses 
consist essentially of two 
distinct parts, viz., the flfcs*, 
or machine in which the 
force acquired is applied, 
and the pumpifi^ typparatut, 
by which the water is forced 
into the press ; theae two 

farts of the entire machine 
eing connected only by the 
pipe through which the 
water passes from one to the other. Of the accompanying 
figs., ISoB. 1 and 2 show the main parts of the press, viz., the 



HTDEOSTATIC, OK HTDEACLIC FSESS. 123 

crlinder, into which the water ia admitted ; the ram, or solid 
plungeT or piston ; and the eroBB-head by which the pressure 
at the end of the ram is dia- 
.tribated over a lengthened Fig. j. 

,Burface for use. The figures 
.show the cylinder as sup- 
ported in aframe upon girders, 
m a manner similar to tbat 
adopted in raising the tubes 
of the railway Im(%e recently 
erected at Conway. 

Fig.3 shows the aection of a 
portable forcing-pump as com- 
monly used for prormg cast- 
ings with the hydraulic press, 
for which purpose the press 
is applied horizontally, and 
mounted on an iron carriage 
for portability. But, however 
varied in arrangement for 
particular purposes, tbe pump 
and the press consist of the 
same essential parts, as fol- 
lows : the pump comprises a 
cistern, or Kind of pail, for 
containing the water, and into 
which a barrel descends nearly 
to the bottom. The barrel is 
fitted with a plunger, by 
working which the water is 
driven through a small tube 
or pipe into the press. The 
pump is furnished with a 
safety-valve, and also with a 

screw for letting off the water as required. The press con- 
sbts of a strong hollow cylinder of cast-iron, close at one 
end, and of a solid ram working through the other end, the 
water-pipe being inserted through the metal of the cylinder 
in a water-tight screwed aperture. Fig. 1 is an elevation of 
the press ; fig. 2, a vertical section of the press, taken at 
right angles to the elevation : and fig. 3, a vertical section 
of a pump ; a ia the cast-iron cylinder ; 6, the ram ; c, the 
casing or frame of the cylinder ; d d are two cast-iron 
girders supporting tbe casing ; e is the cast-iron cross-head j 
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//, two gnide-rodB ; g, the water-pipe from the pump, withj 
m leTeivvalve at A, b^ cIoBiog whii^i the premure will W. 
rettdned, ahouldthe pipe burst. On £g. 3,y showB the other< 
end of the water-pipe, which ia at * acrewed into a stuffing- 
box on the pump ; ft ia the lever of the aafetj-Talve a', which 
is cylindrical, and finished with a conical end, which fits a 
seating of similar form ; J is a standBrd! 
rigs- bolted at m to the cover of the cistern,, 
at », for gaidingi 
ink pinned to the' 
cistern for holding 
L passins through 
and fixed to it with 
1 lower valve-seat, 
valve, the former 
tad of the barrel ; 
1 the valve-seat *, 
upon it: this tube 
reaches nearly 
to the bottom of 
the cistern, and 
ia perforated at 
the end 'with 
tertures, through 
ivater is admitted 
: or particles, which 
re the working of 
u is the plunger, 
s through a stufF- 
the top of the 
is made with a ^lot 
»ive the link op, 
Qued to it and also 

r handle ; to is the 
screwed into the 
jf the plunger; y, 
bandle, jointed to 
the standard at x. During the 
first part of the action of the pump, while no great pressure 
is yet produced, the handle is pinned to the outer of these 
holes, as it makes a larger stroke with the piston, and thus 
saves time : the pin is afterwards removed to the inner 
hole, to have all the advantage of the leverage. 2 is the 
upper or dischai^ valve, wim a conical end: it is intro- 
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tlnced from the top, and covered with a short screw, which 
Kkewise regulates the lift of the valve. This valve is 
Ibrmed hj being simplj filed flat out of the round. 

HTBRAULIO PRESS POR LIPTING THE TUBULAR BRIDGES. 

195. The most stupendous work to which the hydraulic 
press has been applied is that of lifting the massive 
portions of the Britannia and Conway tubular bridges to 
their positions ; for which purpose the arrangements of the 
machinerj shall be here described. For ^e purpose of 
forcing the water into the cylinders of these presses, two 
steam engines, each of ^-horse power, are employed. The 
Cylinders of these engines are arranged horizontally, 17 
inches in diameter, and 16 inches stroke. The piston-rods 
work through stuffing-boxes in both ends of the cylinder, 
and, being continued, form the pistons of the forcing-pumps. 
These pumps are l^g- inch in diameter, and 16 inches stroke. 
The pipe for conveying the water into the cylinder is -J-inch 
bore, and }-inch thick, so that its external diameter is 1 inch, 
inade of wrought iron. The power applied to the pump is 
thus increased in the ratio of the areas of 1^^ to 20 inches, 
or as 1 to 355. If the full power of the engine, equal to that 
of 40 horses, were exerted, the available power thus produced 
in the press would equal the product of 355 and 40, or that 
of 14,200 horses. The actual work done by the one large 
press at one end of the tube, or the two smaller ones at the 
other, is of course equal to raising half the tube, or 900 
tons. The power exerted by the head of the ram, 20 inches 
diameter, is thus equal to 2*25 tons, or 5040 lb. per circular 
inch. 

The ends of the tubes, which were to be raised, were 
strengthened with massive frames of cast-iron fitted to the 
interior, and bolted to the plates of the tubes, and also to 
each other at the joints. 

Figs. 1 and 2 represent the frames employed for this 
purpose. In ^g, 1, a a are vertical side frames of cast 
iron, fitted to the inside of the plates, and bolted to them ; 
B B are horizontal frames similarly secured, firmly bolted, 
and closely fitted to the vertical frames ; c shows the manner 
in which other cross girders were connected with the vertical 
frames, for the purpose of connecting the chains. In the 
Conway tubes, two of these lifting frames were used at each 
end of the tube, one over the other. In the Britannia 
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tubes, three are employed, similarly arranged, one over the 
other, the ends of them fitting under deep notches or 
shoulders formed in the vertical frames, and firmly bolted 
thereto. By way of providing additional safety, two very 

thick straps of wrought 
D *^" * iron pass over the upper I 

pair of cast-iron beams 
from a central point 
above, and descend in the 
inclined positions of the 
sides of the letter a into 
the bottom cells, where 
they are secured with 
strong wrought-iron keys. 
The vertical partitions 
forming the bottom cells 
are,for a length of from, 
8 to 12 feet at each end of] 
each of the tubes,strength- 
ened with thick cast-' 
iron cheeks, or flitches, 
of the same width as the 
plates, 1 foot 9 inches; 
one of these cheeks being 
placed on each side of each 
of the vertical plates, and 
firmly bolted through. 
Eig. 2 shows a transverse 
section of one of the 
strengtheningframes,AA, 
(fig. 1,) which are 12 in. 
deep, 15 in. wide over the 
face, 3 inches thick in the 
outer flange, and 2 inches 
in the inner one. 
Figs. 3 and 4 show the combined arrangements for 
lifting the tubes of the Conway Bridge, with the hydraulic 
press, chains, &c., and the cast-iron lifting frames. Figj. 3 
IS a transverse section through the tube and front elevation 
of the press. "Fig, 4 is a longitudinal section of the end of 
the tuDe and section through the middle of the press, de- 
ferring to these figures, we wiU describe first the parts which 
permanently belong to the construction of the tube and its 
connection with the tower, and afterwards the temporary 
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apparatus employed for the purpose of lifting tte tube. 
A A are the two side and top and bottom beams of cast-iron, 
forming one of the sets of castings used to strengthen these 
parts of the tube, as abeadj described, b b are the cast- 
iron flitches or cheeks bolted against the vertical plates 
forming the partitions of the lower cells, o c, the lower 
bed-plates of cast-iron, resting upon bearings of wood, j> d. 
B B, cast-iron roUers, upon which r r, the bed-plates of the 
tube, rest, and are capable of longitudinal motion in either 
direction. The top of the tube is connected by strong 
WTOught-iron bolts, a g, with a series of transverse cast-iron 
girders, H H. These girders are connected by sockets in 
their lower flanges, with two longitudinal girders, 1 1, which 
are capable of longitudinal motion, as they rest upon spheres 
of gun-metal, as before mentioned, working in a groove on 
the upper surface of the bearing plates, J J, which are fixed 
upon the projecting ends of transverse girders of cast-iron, 
K K. The temporary parts, introduced for the purpose of 
stiffening the ends of the tube during the raising, and also 
of connecting the lifting chains, are as foUows ; — l l are two 
pair of cast-iron girders, or lifting frames, fixed horizontally 
across each end of the tube, and bolted iu recesses formed 
in the vertical casting frames a. a. In the Britannia tubes 
three pairs of these girders were used, the upper and under 
ones for the purpose of attaching the lifting chains, and the 
intermediate one to assist in supporting the sides of the 
tube. 

The lifting chains m m are formed in links with notches at 
one end of each alternate link, as shown at k k, fig. 4. 
These notches fit iuto corresponding ones on the lower 
flanges of the cross girders l l ; and when these are bolted 
in their places the links are, as shown iu fig. 4, held firmly 
between them. 

The press by which these chains are drawn up, and the tube 
thus raised, is shown above the tube in the place in which it 
is first fixed, and which it occupies during the whole operation. 
In lifting the Conway tubes, each of the presses was supported 
upon a pair of double girders of cast-iron, marked o o in the 
figures, resting at the ends upon longitudinal girders, p p, 
built in the masonry. In lifting the Britannia tubes, how- 
ever, wrought-iron girders are judiciously substituted for 
those of cast-iron. Each of these wrought-iron girders is 
composed of 12 plates of best iron, 2 feet iu width and a 
fuU inch in thickness, firmly fastened together, so that the 



girder conaietB of b. 
weIl-<Kiimected mass of 
wrought-iron, haring a 
trausTerse aection 24 
inches in depth and 12 
inches in width. At 
the ends.these wrought- 
iron girders are sup- 
ported upon cast-iroQ 
transverse girders, fixed 
npon benches formed in 
the masoDiy of the 
towers. 

The press consiate 
principaUyof four parts, 
viz., the cylinder ij, the 
ram or piston, k, the 
pipe, s, by which the 
water is introduced 
from the pumps, and 
the croaa-head, t. The 
cjlinder rests within a 
cast-iron jacket or cas- 
ing, ru, supported upon 
the transverse girders, 
o, already described. 
The forcing of the water 
into the cjlinder causes 
the ram to rise, forciDg 
Qp with it the cross- 
head, t. Upon the crosa- 
headtwopairs of clamps, 
TV, are fiied, which 
emhrace the notched 
ends of the chain- 
links, and are screwed 
Dp tightly against them 
with screws, 1 1. These 
screws have cogged 
wheels, t, fitted to their 
ends, and an interme- 
diate pinion turned by 
awinch, z, gives motion 
to the wheels of the 
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two screws. A similar arrangement of clamps and gearing is 
fixed below at w w. The action of the press is preserved in 
a true vertical direction by fixed guide-rods, ii, secured 
above to a cross-girder, q, and upon these rods the cross- 
head slides upward, as the action of the press continues. 

The chains here represented are evidently highly important 
members of the apparatus, as any failure in them would, of 
course, involve the falling of the tube. Each set of links 
consists of eight and nine alternately, the eight being made 
somewhat thicker than the nine, so as to contain an equal 
total strength. Each link is 7 inches wide, about 1 inch 
thick, and exactly 6 feet in length between the centres of the 
eyes at the ends. They are manufactured by a process, for 
which a patent was granted, October 6, 1845, to Mr. Thomas 
Howard, of the King and Queen Iron Works, Eothertithe, 
and entitled "improvements in rolling iron bars for suspension 
bridges and other purposes.'* By these improvements 
wrought-iron bars are rolled with the ends or heads of in- 
creased breadth in one entire piece, and chains thus manu- 
"factured are worthy of much greater confidence than those 
of which the links are made in separate bars and heads, and 
united by the uncertaiu process of welding. Besides the 
application of these chains to the lifting of the Conway and 
Britannia bridges, they are employed in the permanent con- 
struction of the large suspension bridge erected by Mr. 
W. T. Clarke over the Danube, at Pesth, and of the Bussian 
bridge at Kiefi^, now in course of erection by Mr. Vignoles. 

WATEB AS A MOVING POWEB. 

196. The impulse of a current of water, and sometimes 
its weight and impulse jointly, are applied to give motion 
to machinery, as miUs for grindiug com, and for innumerable 
other purposes. Commonly the impulse is applied obliquely 
to float-hoards in a manner that may be at once compre- 
hended by reference to the following figure, which represents 

THE TJKDBESHOT WHEEL. 

197. This wheel requires a stream of about 1 yard wide, 
and from 1^ to 2 feet deep, with a strong current to give 
it sufficient power to move the machinery of an ordinary 
corn-mill, the machinery of the mill being fixed to the axle 
of the wheel. The float-boards of the wheel, on which the 
water actS) are disposed around its circumference at an 
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angle of about 30° with the radii. I^oncelet recommends the 
float-boards of the undershot 
wheel to be curved towards 
the direction of the current that 
the water may roll up their sur- 
faces, and expend all its power 
upon them ; this arrangement of 
the float-boards has been found 
by experiment to give the wheel 
nearly one-third more power 
than the ordinary form. 



THE OVERSHOT WHEEL. 

198. This wheel requires much less water to turn it than 
the undershot wheel. The water is conducted by a box or 
trough to the top of the 
wheel, as shown in the 
annexed figure, and falls 
into the buckets, which 
are fixed all round the 
rim of the wheel; the 
weight of the water in 
these buckets makes the 
right hand side of the 
wheel to be heavier than 
the left hand side ; where 
the buckets, being turned 
upside down, are . all 
empty, the wheel there- 
fore revolves in the direc- 
tion of the descending water. It will be seen the leverage 
of those buckets at the extreme right of the wheel is the 
greatest, and those towards the top of the wheel, receiving 
the impulse of the water, have also considerable leverage, 
whUe those towards the bottom of the wheel, becoming 
gradually empty, have the least leverage. 




THE BREAST WHEEL. 



199. Where the fall of the water is too small for an 
overshot wheel, it is most advisable to employ a breast- 
wheel, which partakes somewhat of its properties ; but its 
float-boards are formed like those of the undershot wheel, 
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and somewliat assimilated to buckets. The water meets 
the wheel at about half, and sometimes at about a third of 
its height, the water being considerably confined in the 
buckets by means of an arched channel fitting moderately 
close, but not so as to produce unnecessary fiction. The 
form of this wheel may be easily conceived from this 
description, in conjunction with the drawing of the under- 
shot wheel. 

200. It has been found by experiment that a water-wheel 
performs the greatest quantity of work when the velocity of 
the water is 2^ times that of the wheel, whence by Baker's 
Statics and Dynamics, Art. 259, the power of water (the 
velocity of which is given) striking the paddles or float- 
boards of wheel might be calculated; but the following 
method has been found in practice to be less complicated : 
for when a body descends from a given height, it is capable 
of raising a body of equal weight through the same height. 
Therefore, if water fall upon a wheel, the quantity of work 
which it is capable of performing, abating friction, is equal 
to the product of the weight of the water, and the height 
through which it descends ; whether it falls upon the 
paddles of an undershot or a breast wheel, or into the buckets 
of an overshot wheel. 

201. Peop. — Given the hreadth a, and depth 5, of a stream, 
its mean velocity v, in feet per minute, the height h, of the 
fall, and s ^specific gravity of water ; it is required to deter^ 
mine the horse power of the water-wheel, when the modulus of 
the machine is nth part of the work of the water, and u = 
units of work in a horsepower. 

Water descending per minute .... = ahv cubic feet. 

Weight of water in the same time — ab v slh. 

Hence work of water per minute. . = ahhvB, 

And the work of the wheel = nahhvs; 

__ nabhvB 
/. Horse-powers = . 

Ex. 1. — The breadth of a stream is 5 feet, depth =3 feet, 

mean velocity 20 feet per minute, and height of the fall 

25 feet ; required the H-P of the water-wheel which performs 

* -I of the work of the water, that is, ^ of the work of the 

wheel is lost by friction ? 

_ nahhvs 4x5x3x20x25x62*5 ,, , 
H..power = — ^- = 5^33000 = ^^ A' 
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Ex. 2. — ^The sectioii of a stream is 4 feet by 3, tlie mean 
velocity of the water 20 feet per minute, and the fall 30 feet; 
what is the H-P of the water-wheel, its modulus being f ; 
and how many bushels of com will the wheel grind in a day 
of 14j hours, one H-P being able to grind a bushel of corn 
per hour ? 

^ nabhvB 4x4x3x20x30x626 ,^,^ 
H..power=— ^ = 5^^33000 = ^^^'*- 

.\ bushels ground per day = lOf?- x 14 = 152^^. 

Ex. 3. — ^The section of a stream, the mean velocity, and 
fall of the water are the same as in the last example ; how 
many cubic feet of water will the wheel raise to the height 
of 120 feet, the modulus of the machine being i of the work 
of the water? 

Put H=the height to which the water is pumped ; then, 
Work of the wheel per minute =i nabhvs units, 

„ of pumping 1 cubic foot of water = H s „ 

/.numberof cubic feet pumped per min. = 



nahhv 



HS 



H 
cubic feet. 



which in number gives 



ix4x 3x20x30 



120 



=40 



babe:eb*s mill. 



202. The construction of this machine is shown in the 
annexed fig., where c n is a vertical axis, 
moving on a pivot at n, and carrying 
the upper millstone m, and passing 
through an opening in the lower mill- 
stone 0. Upon this axis is fixed a vertical 
tube TT, communicating with a horizontal 
tube AB: near to the extremities of 
which are two apertures a, b, in opposite 
directions. When water from the mill- 
stream, MN, is brought into the tube tt, 
it flows out of the apertures a, b, and 
by the reaction or counter-pressure of 
the issuing water the arm a b, and consequently the whole 
machine, is put in motion. 

Note. — " In order to understand more clearly how this motion is 
produced, let us suppose both the apertures to be shut, and the tube 
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T T filled with water to the top ; then the apertiireB a, B, which are 
shut up, will be pressed outwards by a force equal to the weight of a 
column of water whose height is t T, and whose area is the area of the 
apertures. Every part of the tube a b sustains a similar pi^essure^ but 
as these pressures are balanced by equal and opposite pressures, the arm 
A B is at rest. (See Baker's Statics and Dynamics, Wea^s Series, Art. 197). 
By opening the aperture at a, however, the pressure at that place is 
removed, and consequently the arm is carried round by a pressure equal 
to that of a column t t acting upon an area equal to that of the aperture a. 
The same thing happens on the arm t b ; and these two pressures drive 
the arm a b round in the same direction. This apparatus may evidently 
be applied to drive any kind of machinery, by fixing a wheel or pulley 
upon the vertical axis c D." — Qregorifs Mechanics, 

MAEINE SOEEW-PBOPELLEBS. 

203. Screw-propellers for navigation, by means of steam 
power, have now become objects of importance to all nations : 
they are especially applicable for vessels of war, the 
machinery for propulsion being without the reach of gun- 
shot. Screw-propellers, however variously they may be 
modified, aU derive their power of propeUiog by being placed 
on an axis which is parallel to the keel, and by having 
threads or blades extending from the axis, which form 
segments of a helix or spiral, so that by causing the axis to 
revolve, the threads or blades worm their way through the 
water, much ia the same way as a carpenter's screw inserts 




itself into a piece of wood ; with the difference, in the case 
of the screw-propeller, of its making the water recede. 
Screw-propeUing is not of recent invention ; Jf. Duquet in 
1727, and Mr, Faucton in 1768, both produced machinery 
of this kind ; other inventions followed until a recent date. 
When the " Archimedes " was first tried down the Eiver 
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Thames in 1836, the shape of the screw was as represented 
in the woodcut, viz., a single thread of thin sheet uron, bent 
to fit sixteen wrought-iron arms fixed round the axis at 
equal distances so as to form a helix, or screw. This screw, 
fix)m haying only one thread of long pitch, viz., 45°, caused 
a great commotion in the water and a great deal of vibration 
in the stem of the vessel ; so that on reaching Sheerness, 
the vessel was laid ashore, and portions of the iron plate 
taken off at equal intervals ; but the effect was not improved. 
The form of the screw was then changed to a double one ; 
and, finally, a series of experiments was made under the 
joint superintendence of Mr. Smith and Mr. Lloyd, by order 
of the Admiralty, with three and four-bladed screws, which 
ended in the adoption of the two-lilsLded screw. These 
experiments were tried in H.M. vessels "Dwarf" and 
" Eattler," after a speed had been produced in the " Dwarf" 
of 12J miles per hour with Mr. Eennie's three-bladed 
conoidal screw of cast-iron ; being the greatest speed which 
had ever been obtained by the screw. The speed attained 
by the "Archimedes'* was about nine knots per hour, 
which, taken as a first experiment, was a great performance. 
The " Archimedes " beat most of the fastest steamers then 
known, and made a voyage aU round Great Britain, being a 
distance of 2096 nautical miles, in 237 hours 25 minutes, 
or nearly nine knots per hour the whole distance. The 
"Archimedes" afterwards went from Plymouth to Oporto 
in 69 hours, and returned from thence against strong head- 
winds and high seas in 88 hours, and the reports of some of 
the most eminent officers predicted all that has since been 
realised by the screw. 

The use of three and four blades for screw-propellers was 
commenced by Baron Seguin, in 1792 ; by Fulton, in 1794 ; 
by Cartwright, in 1798 ; and Shorter, in 1802. But the . 
Mst useful experiment was that of Samuel Brown, the in- 
ventor of the gas-vacuum engine, who applied a two and four 
bladed propeller to a vessel of 60 feet in length, and actually 
obtained, by means of a gas engine, a speed on the Eiver 
Thames of from six to seven miles per hour. The success 
of the "Archimedes" led to the construction of the 
"Princess Eoyal " and the " Great Northern" passage vessel, 
and H.M. experimental vessels, "Bee" and "Battler," 
the latter of which has been most successful, and has served 
as a model to most of the larger vessels which have been 
fitted with the screws in H.M. service; the adoption of 
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which in merchant vessels has greatly facilitated extended ] 
commerce. The form generally adopted for acrew-propellera 
is as yet imperfect. 

The dimensions of the " Archimedes " were — 



licngth .... 

Breadth 

Burthen , * . . 

Mean draft . 

Area of midship section . 

Area of screw 

Power of engines . 

The dimensions of the screw were — 



126 feet. 

21 feet 10 inches. 
232 tons. 
9i feet. 
143 feet. 

26 feet. 

80 horse. 



Diameter, 5 ft. 9 in. 
Length, 4 ft. 
Pitch, 8 ft. 
Angle of screw, 45°. 



And made by means of 
two wheels and two 
pinions. 



The dimensions of the "Mermaid" or "Dwarf" were — 

Length .... 130 feet. 

Breadth . . . . 16 feet 6 inches. 

Depth .... 9 feet. 

Draft .... 5 feet 8 inches. 

Burthen , . . 164 tons. 

The propeller consisted of three blades, with variable 
curves, approximating from the angles of 27° to 30°, and 
advancing 7 feet 6 inches per revolution. The diameter 
was 5 feet 10 inches, and the number of revolutions 160 
per minute. 

MATOSLAX'S PEATHEEICfG SOEEW. 

204. This screw is represented on the next page; the 
object sought to be obtained is, that the blades, whenever the 
vessel is put under canvas and the screw not required, should 
be placed in a direction parallel with the line of the keel, and 
so form as it were a portion of the dead-wood, as they cause 
considerable obstruction, if they be allowed to remain fixed 
in their position, or even though they be disconnected from 
the engine and allowed to revolve. In auxiliary sailing 
vessels not fitted with a trunk or aperture for raising the 
screw out of the water, this is particularly valuable ; but it 
will also be found useful in men-of-war, by lessening the 
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width of tbe trunk througli which it has to rise, if tliis be 
desired ; and alao b^ the facility which it gives in emergen- 
cieB, for placing a Teeael quickly under cauTaB, or under 
steam, without requiring the aid of the crew. 

205. "IThe Diameter of the Screw ehould in most caaeB be 
made as ^at as the draught of water will admit, and for 
running in smooth water its upper edge need not be more 
than a few inchea below the aiirface. In the case of sea- 
going veBBelB, it is preferable to keep it li or 2 feet below 
the mean surface of the water." 

206. The Area of the Screw. "By the area of the disk 
of the screw is understood the area of the circle described 
by its extreme diameter. When the area of the blades is 
spoken of, their actual oblique surfece should always be 
specially distinguished from the plane projection of the 
resisting surface. This latter measurement, as representing 
the actual amount of suriac© directly employed in the 
propulsion of the vessel, is probably the most impiortant 
of these areas." — Mttrrag on the Marine Engine, in Weale't 
S^imentary Seriet, p. 127. 

207. Other patents were subsequently taken out, and 



many experiments made. In 1838, Mr. Ericsson obtained a 
patent for a propeller consisting of six blades, a a n a u a, set 
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at equal distanceB round a cylinder concentric with the axis 
t: the blades and arms were eegments of a screw. 

TEE TTTBBirrE. 

208, The horizontal water-wheel, called the Turbine, is 
smoag the meet recently invented hydraulic machines, 
haying been produced in a moat efficient form in 1827, by 
M. ^mm0i/ron after a series of experiments commencing in 
1823, and it is now much used in France, Germany, and 
America. The water enters the centre of the wheel, and, 
diverging from thence in every direction, it then enters all 
the mickets simultaneously, and passes off at the external 
rircumfereuee of the wbeeL The pressure with which the 
water acta upon the buckets of the revolving wheel ia in 



proportion to the vertical column of water, or height of the 
all, and it is conducted into these buckets by fixed curved 
girders secured upon the platform within the circle of the 
revolving part of the machine. The accompanying fig. repre- 
Benta the wheel of the turbine with its buckets and conduct- 
ing curved girders. 
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The influx of the water is regulated by a hoUow- 
cylindrical sluice, to which stops are fixed, which, aot. 
together between guides, and are raised or lowered by 
screws that communicate with a governor, so that the 
opening of the sluice may be enlarged or reduced in pro- 
portion to the required velocity of the wheel. Turbines 
, may be divided into high and low pressure machines. High- 
pressure turbines are adapted to hiUy countries, where high 
faUs of water mav be commanded ; in these cases the height 
of the column of water will compensate for the smallness of 
its volume, reservoirs being provided to keep up a constant 
supply. The low-pressure turbines produce great effect 
with ahead of water of only nine inches, and are suitable 
for situations in which a large bulk of water flows with. 
little fall. The results 'of an investigation by MM. Arago^ 
JPront/y and others, who were appointed by the Prench 
Academic des Sciences to report upon turbines, are as 
follows: (1.) That these wheels are applicable equally to 
great and to small falls of water. (2.) That they transmit 
a useM effect equal to from 70 to 78 per cent, of the 
absolute total moving force. (3.) That they will work at 
very different velocities, above or below that corresponding 
to the maximum effect, without the useful effect varying 
materially from that maximum. (4.) That they will work 
from one to two yards deep under water, without the 
proportion which the useful effect bears to the total force 
being sensibly dimiuished. (5.) In consequence of the last 
mentioned property, they utilise at aU tunes the greatest 
possible proportion of power, as they may be placed below 
the lowest levels to which the water-sarface siciks. 

In 1844 Mr, Boyden designed a turbine of 75 horse- 
power for the Appleton Company at Lowell, Massachusetts, 
containing many new features never before suggested : its 
success was remarkable for a first attempt on so difficult a 
subject. Soon after Mr, Boyden designed and superin- 
tended the construction of inree others of 200 horse-power 
each for the same company; the experiments on which 
proved their useful effect to be above 80 per cent, of the 
power expended, or about 3 per cent, more than previous 
results. 

Mgs. 1 and 2 represent a general plan and elevation of 
a turbine of 160 horse-power,, constructed for the Lowell 
Company, from designs by Mr, J, B, Francis, and com- 
municated by him to Mr, Weale ; the diameter of the 
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, and operates under a foil of water 

Thefolhwmg referencei apph/ to lothfigwet : 

a, The maaoDiy of the wheel-pit, faced with large blocks of graoita 
backed with rubble masourf laid Id hjdiauUc cement 

i. The aheet-iron pipe cooducting the water to the turbine. 

- The throttle-gate, to shut the water off from the turbine, either for 
eiuuiiutiOD or repairs ; the apparatus for moving this gate a oat 

t represented. 

^, The leak-box for the purpose of oaUecting the leakage of the throttle- 
gate, and for cturying it off in a pipe when repairs are required 
on Uie wheel, Ac. 



i: 




1^ The caet-iron fnumug supporting the upright and horizontal shafta 
of the wheel. 

e, The suipenaion-boi, which ia made to fit the corresponding parts of 

the upright shaft by a lining of soft metal, principall; tin, which 
is melted and potu^ into the out«r shell, the necks being in 

f, Thegimbal. 

/, Leren for moving the ^)eed-gate. • ' 
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, Back for the Bome purpose. | 

, Pmian-sbaft for tJis purpose of moriag the levers and ract. | 

Wooden BtavBB of the diffuaer. ! 

, Circulu' iron beams, to which the staveB are bstened. | 

The goveraor. 1 

I, The ratchet-wheel, fast on the worm-shaft j 

., The crank oarnring the cocker. I 

, Connecting roi 1 

I, The rocker carrying the palls. 

, The rod for moving the Bhield by the action of the govemor. 

, The shield : when the gOTemor ia running at the apeed iutendetl, 1 
the shield prat«cte the ratchet-wheel from the action of the palls '■ 
if the speed changes a small amount, only a few of the teeth of { 
the ratchet-wheel are acted on at each vibration of the cocker ; if i 
there is a great variation of speed, a much greater number of the 
teeth of the ratchet-wheel are acted on at each vibration ; tlie I 
number of teeth exposed to be acted on is proportional to the 
variation of the governor-balls from their normal pOsitioiL 

, The worm driving lie pinion-shaft. 

., The worm-wheel featened On to the piniou-shaft. 
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Vt Brackets fastened to the speed-gate. 

w. The wheel, carrying the floats of Russia sheet-iron, about ^th of an 

inch thick, grooved, tenoned, and riveted into the upper and 

lower rings of tile wheeL 
X, The speed-gate, 
y. The disc, carrying the guides or leading curves of Russia sheet-iron, 

about -j^th of an inch thick, tenoned and riveted into the disc. 
z, The disc-pipe, supported by the adjusting screws at the top of the 

curb. 

A, The main shaft of the turbine. 

B, The step for steadying the bottom of the shaft, lined with case- 

hardened wrought iron ; the pin in the bottom of the shaft is of 
cast steel. 

C, The timber floor of the wheel-pit, covered with 3-inch planks. 

D, Cast-iron beams, to distribute the weight on the columns over the 

timber floor. 

E, Columns supporting the difPuser beams Ic and the beams F. 

F, Beams supporting the curb or acting as braces from the sides of the 

wheel-pit. 

Cr, The lower curb, of cast-iron : the outer surface is turned cylindrical, 
for the purpose of receiving properly the packing of the speed- 
gate. 

H, The upper curb, also of cast-iron, about 1 J inch thick. 

I, Weights counterbalancing the weight of the speed-gate. 

MOTION or WATEE IN PIPES, ETC. 

209. To find the height to which the water will rise after 
any given stroke in the common pvmp, (fig. Art. 180.) 

Let the water, after a given number of strokes, rise to P, 
in the pipe A B, and after the next stroke let it rise to p ; 
(these points are not shown in the fig.) Put h = height of 
a column of water equivalent to the pressure of the air, 
A S z= a, A P = &, {? = A — P B, and B p = a? ; also put 
Ic = area of a section of the pipe A B, and mJc ^ area of a 
section of the barrel AS. Now, let the piston be at A, then 
the elasticity of the air A P, together with the weight of the 
column of water B P, is equal to the pressure of the air, or 
is = column of water of the height h ; hence 

elasticity of air in AP = column of water above P = c ; 
let the water rise to p after the next stroke, then 
elasticity of air in A.p = column of water above p-=-c — a?. 

Now, the air which filled the space A P, before the rise of 
the piston, will expand, after its ascent, and occupy the 
spacers ; hence 

density of air in AP : density of air injpS : : space ^S : space AP. 

: : Q> — on) h + amh : hky 
lib — a; + amih. 
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But the densiiy of the air is proportioiial to its elastic 
force; hence 

e — a I c :ih :h — x -{• ma; therefore 

Jc = (c — x) (am + h — x), whence 

s^ — (am 4- 6-«-c)dr + ac«» = 0; 

whence the value of or = rise of water due to one stroke, 
maj be found. 

210. To find the velocity with which water is discharged 
from a reservoir of given height h, through a pipe of given 
length I, and diameter d. 

The experiments aod investigations of M. Poncelet are 
considered strictly accurate : the limits of this work do not 
admit of their insertion here ; the following is his formula 
for the velocity per second, all the dimensions being in feet. 



tJ=48V' 



hd 



Z + 54i' 



Ex. 1. — Water is brought to supply Mentz from a reser- 
voir 65j[ feet in height, by pipes 9, 843 feet in length, and 
3^^ inches in diameter ; required the velocity of the water 
per second. 

First S^^^in. = -2625 of a foot, and 65} = 656 feet, then 
.^.Z hd ^^^ / 65 6 X -2625 ^ ^ ^ 

second nearly. 

Ex. 2. — In the last example, how much water wiU be dis- 
charged in 24 hours ? 

The area of the section of the pipe = -7864 x ('2625)' = 
•0541 square feet, the quantity of water per second = 
2 X 0541 = -1082 cubic feet, and 24 hours = 86400 seconds; 
.'. the quantity of water brought by the pipe in 24 hours 
will be 

86400 X -1082 = 9348 J cubic feet. 

211. — To determine the mean velocity with which water 
runs in rivers and open canals. 



r 
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The formula for this purpose ia also derived from expe- 
riments, of which no less than 91 were made by Eytelwein 
on rivers and canals : the dimensions used by him are reduced 
to feet, and are the following : — 

c = wet contour, 

s = area of a section of the fluid, 

8 

— = hydraidic mean depth, 

g = force of gravity, 

a = angle of inclination of surface of stream, 
and V = mean velocity ; then 



w 



(¥)*y 'Z s^^- " + (T*7r)'— tH = t^® velocity in feet. 
c 

Note. — It has been proved that the greatest velocity is at the sur&ce 
I in the middle of the stream ; from which it diminishes towards the 
bottom and sides, where the velocity is least. 



WORK PERFORMED BY THE SUN's EVAPORATION. 

212. The heat of the sun is continually raising the tem- 
perature of the , atmosphere, thus makmg ' it capable of 
absorbing water from the immense surface of the oceans and 
seas that surround the earth. The water, thus raised, forms 
clouds at various elevations above the earth's surface. The 
sudden cooling of the atmosphere, either by cold currents or 
by meteoric changes, precipitates these clouds in the form of 
lain; while the dews of night descend by the gradual 
cooling of the atmosphere, through the absence of the sun. 
The water, therefore, which thus falls, may be considered 
as the measure of the sun's evaporating power. In the 
torrid zone the annual fall of rain and dew amounts, at a 
medium, to about 100 inches in depth, and at the northern 
border of the temperate zone, as at Archangel, the medium 
&Q of water is about 20 inches in depth ; the mean of these 
depths is 60 inches, or 5 feet, which may be taken as the 
mean depth of water which descends upon the whole of the 
earth's surface. Now, if we take 900 feet as the mean 

H 
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height from which this water falls in the form of rain an^ 
dew, there will result— 

The work of the water falling on one square mile of th« 
earth's surface per minute, through the agency of the sun'i 
evaporation in horse powers, that is, 

TTP , 27878-400 x 5 x 900 x 625 _ 
^ 365 X 24 X 60 X 33000 "" 

See Baker's Statics and DynamicSj Weale^s Series, Arts. 
92 and 263. 

Hence, the work thus done on the whole surface of the 
globe, taking its diameter at 8,000 miles, will be 

H.P. = 8,000' X 31416 x 452 = 90,880,000,000. 

Now, taking the united powers of all the steam-engines 
in the British Isles to be 2^ millions of horse powers, and 
the united powers of all the steam-engines in iQl the other 
states of the world to be 3^ millions of horse powers, thus 
giving for the steam engines of the whole world 6 millions 
of horse powers, which it is presumed is not far from the 
truth, at the present time (1851), we shaD. have the work 
due to the sun's evaporation somewhat more than 15,000 
times the work of all the steam-engiaes in the world, sup- 
posiDg them to work continuously day and night. This 
comparison shows how insignificant the most stupendous 
works of man are to those of his Cbeatob. Though only a 
very trifling part of this vast power is available for the 
purposes of moving machinery, yet it serves a still more 
important purpose in watering and invigorating the vegeta- 
tion on the surface of the earth, and in producing the 
countless small streams up to large rivers, wliich diversify 
and spread health throughout creation, as well as supply 
immense facilities for inland navigation. Such is the stupen- 
dous and magnificent scale by which we must measure the 
mechanism of creation, and such the boundless power and 
beneficence of the Geeat Cbeatob. 

One of the immense results of the power of evaporation 
may here be given in the Work of the Great Fall or Cataract 
of the River Niagara, 

213. This river, which discharges all the water issuing 
from the great central chain of lakes in North America, fiills 
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fwith astonishing grandeur over a perpendicular rock 133 
I feet in height, in one unbroken sheet ; the rapids above this 
|£ill extend several miles, making an addition of 200 feet to 
iOne height of the fall ; the whole height of the fall is there- 
[fore 333 feet. It is calculated that 33 millions of tons of 
I water are discharged, at an average, per hour by this fall ; 
ibence the work of the water per minute maj be readily 
' determined in horse powers, that is 

_ 33000000 X 2240 x 333 _ 
■ • ^- 60x33000 12,432,000. 

i 

This river is therefore (see last Art.) capable of perform- 
ing more work than twice the work of all the steam-engines 
in tlie whole world. 



WOBK OB FOWEB OF THE TIDES. 

214. Assuming the average height of the rise of the 

tides in the Atlantic and PacSc oceans to be 20 feet, which is 

probablj less than the true average, and the united length 

of the coasts of these two oceans (which m&j be said to 

extend from pole to pole) including their windings, to be 

100,000 miles, we shall thus have a bodv of water 100,000 

miles in length raised to the height of 20 feet, and of a 

breadth varying according to the widths of the respective 

oceans. This vast power is immensely greater th^ that 

wMch results from the sun's evaporation ; (Art. 212) and 

is due to the joint attraction of the sun and moon. 

A very small portion of this immense power is used for 

mechanical purposes, on account of its being inconvenientlj 

situated for that purpose; besides, the shores of these 

oceans are exposed to tempests, which would in most cases 

greatly damage or entirely destroy any machinery, which 

might imder other circumstances be conveniently moved by 

the tide. There are, however, a few ponds, which are filled 

by the tide in convenient situations, for moving the ma- 

cninery of com nulls, &c. Yet the rise of the tide is of 

immense importance in aiding the purposes of navigation, 

by its repeated flow into numerous rivers, harbours, bays, 

creeks, Ac, which would otherwise in many cases be almost 

useless for this purpose. Besides, the continued agitation 

of the ocean by the tide diffuses the saline matter, derived 

H 2 
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from some of the strata which forms part of its basiii,' 
equaUy throughout every port of its liquid mass ; thus main- 
taining it& waters in a perpetual stale of salubritj, which 
would otherwise become stagnant, and in al l p robability so 
putrid as to be destructive to animal life. We may hence 
perceive another grand purpose <^ the (^eeat Cb£a.tob 
carried out by the agency of the tide for the continued 
renovation of nature, and of far ^ater importance than its 
use as a moving power for machinery, which the ingenuity 
of man by the agency of steam can produce in localities more 
convenient for Ms several requirements; 
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SELF-ACTING LATHES FOR SLIDING, SCEEWING, AND SURFACING; 
ALSO SELF-ACTING PLANING, SHAPING, SLOTTING, PUNCHING, 
AND SHEARING MACHINES. 

215. This chapterwill be chiefly occupiedby the above-named 
highly>-esteemed and ingenious machines of Messrs. Joseph 
Whitworth Sf Go. of Manchester ; most of which formed a 
conspicuous part in the Machinery Department of the Cheat 
JSochiUtion of 1851. The original drawings and descriptions 
were communicated by Messrs, W. Sf Go. to Mr. Weale. 

Foot Lathe for sliding, screwing, and surfacing. (Fig- 1.) 

A, Fast headstock with, gearing. 

B, Moveable do. do.. 

C, Centres. 

D, Bed and standards. 
£, Top slide-rest. 

F, Bottom do. 

G, Guide-screw. 
H, Change-wheels. 

J, Driving-pulley and crank. 
K, Treadle-motion, with anti-friction chains. 
a, The band for transmitting motion. 



iJ 
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216. Self-acting Lathe^ for sliding, screwing and surfacing, 
worked by power, (Fig. 2.) 

F, Bottom rest, proyided with 
a quick hand trayerse. 

G, QuideMBcrew. 
H, Change-wheels. 
a, The cutting tooL 



A, Fast headstock. 

B, Moveable do. 

C, Centres. 

D, Bed and standards, 

E, Top slide-rest. 



217. JPatent Self-acting Duplex Lathe, for sliding, screwing 
and surfacing. The pecidianty jn tins lathe consists in the 
employment of a cutting tool at the back of the lathe in 




Fig. 3.— End Elevatioii. 

addition and opposite to the tool in front, but in inverted 
positions to each other. The transverse forces are thus 
balanced, the work produced is more correct, and is accom- 
plished in less time than by the ordinary lathe. (Fig. 3.) 

a \ Tool in front, 
a\ Inverted tool at back. 
D Bed and standard. 
E*, and E^ two compound slide-rests. 

F, A right and left screw for moving the two slide-rests, simulta- 
neously, to and from the centre of the lathe. 

The other parts of the lathe are the same as in the self- 
acting lathe, see fig. 2. 
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218. Self-acting JPlanmg Machine, for horizontal, vertical, 
and angular planing. (Siqe elevation, Fig. 4.) 

A, Bed and standarda 

B, Guide-screw. 

C, The table, having a nut (not Rhown) taidng mto the guide screw, 

by which it is moved along the bed. 

D, The driving apparatus, which by being at the end of the bed is 

out of the workman's way. 

E, Uprights. 

F, Cross-slide. 

G, Beversing tool to plane both ways. 

H, Two stops which can be fixed at any distance apart, according to 
the desired traverse of the tabl& 

J, Lever upon which the stops H act. 

E^ Bod and strap lever, by which the driving strapt is shifted from 
one pulley to another, and the direction in which the table o moves, 
ischimged. 

L, Band-pulleys, which transmit the motion of the lever J to the 
reversing tool, at the same time as the strap is shifted, and 
the tool is thus made to turn at each end of the work. The 
band-pulleys also impart self-acting motions to the tool in 
the transverse, vertic^, and angular directions as required. 

Note, — The same general arrangement of machine, with 
a fixed tool, to plane only one way, and the driving apparatus 
D, constructed to give to the table a quick return motion, is 
sometimes made. The tables of machines, which do not 
plane above 2 feet long, are moved by a crank. 

219. Patent Universal Shaping Machine, particularly 
adapted for shaping levers, cranks, and connecting rods, 
also for work in general. (Fig. 5.) 

A, Bed grooved on the front side. 

B, Two tables for holding the work, adjustable vertically or 

horizontally. 
Q Headstock, made, when necessary, to slide along the bed, a. 

D, Tool-slide, moves in a direction at right angles to the bed a. 

E, Tool-holder, fitted with a segment wheel and worm for planing 

hollow or internal curves. 
P, Sptir-wheel and crank, which, as they revolve, give a reciprocating 

motion to the tool-slide, the extent of which is variable, being 

determined by the distance of the crank-pin from the centre 

of the crank. 
G, Central arbor, upon which is shaped drcular work. 
H, Driving pulley on grooved shaft with pinion (not shown) taking 

into the wheel f. 
J, A screw of the length of the bed, taking into a nut on the under 

side of the headstock o, by which the latter is made to move 

along the bed. 

H 3 
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K', Bntchet wheel on the end of the Krew. 

L, A shaft pusing through the bed, haying at the end, not expotted, 

a worm which t&kee into a worm-wheel on the central arbor a. 
E>, Batchet-wheei on the and of the shaft L. 
H, A csm-whsel, which, at the return ot the tool, actualcfl the 

ratchete e' and K^, 
0, The cutting tooL 

220. Zar^e Patent Slotting Machine. (Fig. 6.) 

A, Main &an3e. 

B, Table for holding the work. 

C, Tool-slide, which in cutting more* slowly and niuformly down- 

wards, and quickly in returning therefrom. ,.- 

D, Quide-acrew, takes into a nut on the back of the tool-alide a 
a, Bevil-wheel, keyed on end of gDid»eciew D. 

i c, Bevil pinions gearing in wheel a. , 
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dtff Strop pulleys, d being connected with pinion h^ the other with 
pinion e, whilst the middle one, «, runs loosely. 

g, A train of gearing which transmits motion from the pulley /, to 
the bevil pinion c 

h, Strap lever apparatus. 

lit Two stops, which can be fixed at any distance apart, according 
to the desired traverse of the tool-slide, o. 

h. Lever upon which the stops • i act. 

{ If Horizontal and vertical shafts for conveying motion from lever h, 
to the strap lever apparatus A, whereby the direction of 
motion of the tool-slide c is changed; the motion thus 
derived is also conveyed simultaneously to the table B, 
whereby self-acting circular and transverse motions may be 
imparted to it. 

The smaller Patent Slotting Machines are fitted with an 
adjustable crank, and quick return motion similar to the 
" Patent Universal Shaping Machine." 

Ftmchmg and Shearing Machine, (Fig* 7.) 

A, Main frame, made on the hollow principle. 

B, Vertical slide for punching, worked by eccentric and connecting 

rod not shown. 

C, Ditto, for shearing, worked in the same manner. 

D, Large wheel, keyed upon the eccentric shaft which passes through 

the frame (but is not shown). 

E, Fly-wheel. 

a. Strap pulleys — fast and loose. 
h, Bevil pinion gearing into wheel D. 
c. Cross shears for cutting off bars of any length. 
df Is an incline bar worked by hand, for the purpose of lifting the 
punch without stopping the machine. 

In the smallest machines the punching and shearing are 
both a^anged upon the same side. The driving gear of 
larger machines is differently arranged to the above, but in 
other respects the same general arrangement prevails. 

221. Large Self -acting Surfacing and Screw-propeller 
Lathe, made for her Majesty's Dockyard, Woolwich, by 
Messrs, Francis Lewis Sf Sons, Manchester, (Mgs. 8 and 9.) 

A, A strong oast-iron bed, planed 7 feet wide, and 20 feet long. 

F, Fa3t headstock* 
B*, Moveable do. 

C, Two carriages moveable longitudinal on bed having studs and 

pinions ccc to work in the rack D. 
E E, Two compound slide-rests. 
FF, Two laige £Eu;e-plates with external wheels at the back. 
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Q Q, ^indlM, CP ia bollow, and a monable cyliDdix fitted thsrran, 
and ii nude to slide in ind oat bj- B loew attadied t« tlis 
huid wheel i. 
H, Cone-atr^ pollej. 
I, Knion dniing the whed J, trtiidi il fil«d on the knntndnul 

shaft. 
K, So also are the pinknia L L, wfaid drive the bc^-plaie F; tiiese 
[nnioiu are thrown in and oat of gear, bj lei^v pixijectiag 
diroDgh tiia alota a ai in the head ato^B. 
D D D, Drriing stoda. 



Fig. 8.— Ena ElesKi 

imit _propellera 

and wilt cut pitches varymg from 8 feet to 20 feel;. It is 
Bhown as aet tor cutting a propeller ; the dnTin^ pulley being 
placed on the longltudiQat shaft d, the motion le tranamitted 
at one end to the face-plate, and Bimiiltaneously at the other 
to the elide reet. The change driving ehafta o, afford a ^%at 
variety of Bpeeda, for ordinary boring and surfacing. It is 
unnecessary to state that a pit ia formed between the fast 
headstock a, and the hed-piate a. 
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222. Large Lathe for Turning Mailway wheels, and other 
heavy ttfork, by Messrs, Joseph Whitworth Sf Co. (Fig. 10.) 

A, Heavy base-plate, extendiDg throughout the length and breadth 
of lathe, planed and grooved on the upper side. 
B^,B^, Standards for carrying headstocks, B^ being permanent, and "S? 
moveable on the base platet, by means of the rack and pinion. 
C*, Fast headstock. 

(?, Hoveable headstock, the centre in which can be moved out any 
distance, as in an ordinary poppet-head. 
DD, Standards for carrying slide-rests. 
E E, Compound slide-rests. 

F F, Two large face-plates, with external wheels at the back, 
a. Longitudinal shaft 
h. Two pinions (one only "shown,) keyed on shaft a, and gearing into 

the external wheels r r. 
c. Clutches for disconnecting the pinions j&om the external wheels. 
df Spur gearing placed at the end of the lathe, 
e, The sbrap pulley. 
// Apparatus for giving self-acting motion to the two compound 

slide-resta 
g g, Represent the wheels to be turned on their axle. 



CHAPTEE VI, 



MACHINES FOB CABDING, SPINNING, ETC. 
CABDTNG MACHINE (GLOBE WOBEiS, BOCHBALE.) 

223. This figure presents a single wool-carding engine, 
lap-machine, and self-acting feeder; the same, with con- 
denser attached, intended to produce a number of endless 
cardings and slubbings, and dispense with the use of the 
^7 machine and the hand required to work it. 

Action of the Machine, — ^The wool is removed from the 
doffer of the first carding engine as usual, and is drawn by a 
pair of rollers fixed at the side of the frame through a 
Involving tube, which imparts an amount of false twist to the 
sKver. It is returned by a lower pair of rollers to the lap- 
machine in front of the engine, which is arranged to form a 
^) 16 inches in diameter and 4 inches wide. When the 
required length of sliver is wound on, notice is given by a 
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bell; and if not attended to, another movement doffs the 
lap, BO as to ensure each one being the required length. 

These narrower laps are placed side by side upon rods, so 
as to form four rows, a, h, c, d, each row being the whole 
width of the engine, which is turned off into the engine by 
the nnlapping rollers e, f^ y, A. Each sliver passes through 
a guide or reed as it enters the feeding rollers to keep it in 
its proper place. The quantily of sliver thus put up at the 
feeding end of the machme will last a whole day. Tne wool 
having passed through the engine, and being carded in the 
usual manner, is removed from the main cjHnder bj the 
condenser doffers f, ^, which are provided with rings of cards, 
and alternate blank spaces, so that the wool wMch is lefb 
upon the cylinder by the top dotfer is removed by the lower 
one* The stripper-roUers Z, m, take the bands of wool from 
the doffers, after which they pass between the double endless 
twisting-straps «, o, in order to receive a degree, of false 
twist, sufficient to enable them to carry forward to be spun. 
They then pass between the delivery-rollers p, §', to the 
bobbins r, «, on which they are lapped by the mction of 
contact with the drums ^, v. 

When the bobbins are fitted they are removed direct to 
the mule to be spun, where they are unlapped in a similar 
manner by drums. 

The advantage of this system consists in a great economy 
of labour ; three operations being entirely dispensed with, 
viz., feeding*, slubbing, and piercing. "With the addition of 
the self-feedSng condenser, yams are found to be more regular 
and level than those produced by the ordinary methods ; a 
greater quantity of work is turned off; the threads are 
more nappy or oozy, which increases the felting quality in 
milling, causes a firmer texture in the cloth, and a corre- 
spondmg fulness of bottom and richness of appearance 
when finished, not attained by the methods formerly in use. 

2\ro^ This machine was made and jointly invented by Mr, J, Mason, 
of the Cflobe Works, Rochdale, Its performance received high approba- 
tion at the Qreat Exhibition of 1851. 

SMNNlNa HACHINE. 

224. This machine was improved by Mr. J. Mason of the 
GHobe Works, Bochdale, including Mason and Collier's 
patent collars or bearings for spiQdles, separating plates for 
the stubbings, and the break motion for readily stopping the 
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machine. HuBimproyement is acoompliriied by malting tbo j 
collar in the lifting rail l<Higer (shown, detached, in Fig. 2), ) 
and oontinning it through the wheel b, and up the inside | 



of the bobbin-barrel to the top of it, where the bearing of 
the barrel is ebown at i^ Fige. 1 and 2. The coilara ^e 
chambered inside, ao that the spindle fits only their ends, 
and thej are firmly screwed to the lifting rail, the wheels 
and bobbins running loosely around them, as represented. 
The separating plates e prevent the broken threads becomiug 
entangled with the other spindles. 

FLAX MAOHIKZS. 

225. These machines were invented sod patented by 
Mr. Robert JPhmher, of Nemcaatle-umon-TSfne, and their per- 
formance was highlyapproved atthe Great Exhibition of 1851. 
They consist of the following, 1st, a Itotatory Disc Scutching 
Machine for flax, hemp, £c., with straw holders, and with 
straw to scutch ; 2nd, a riax-breaking Machine, for flax- 
straw previous to being scutched; 8rd, a Flai-cutting 
Machine for preparing flax for the Cut-flax Heckling 
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MAcfaine ; 4tli, a Heclding Machine for dresaing flax, hemp, 
&c., with flax-holders. 

Fig. 1 represents the metal diae for acutching flax, with 
the hruahea fitted to it. 



Fig. 2 representa a front elevation of the Botatory Diac 

Scutching-miU. a ia an axle having its bearings in an inde- 
pendent framing of metal, the upper portion being made 
open ; the metafpiecea m m at the front end, being secured 
by bolts, can be readily removed for the purpoae of changing 



the bruahes of the diaea. The framing ia stiffened by croaa- 
piecea n,n; by the pulleys bha rotatory motion ia impacted 
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to the axles. The top t of the ecutchmg-board h ia placed 



a little above the centiie of the axle a. The heckle, or comb, 
is composed of steel wire. 

Wig.*. 
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Fig. 3 ia a front, and Fig. 4 is a aide elevation of an 
improved Flax-breaking Machine. The letters h, c, and d 
are placed upon the grooved metal rollers, to which the flax 
ia presented, and afterwards goes out, as seen in Fig. 4, by 
the direction of the arrows. 

Figs. S and 6 represent a side and end elevation of the 
Double Cjjlinder Heckling Machine, adapted to dressing 
cut or short flai, in which ek^c brushea are combined with 
rigid heckles. There are two revolving cylinders 6' J', 
mounted in a frame-work a, a; in their circumferences are 
sets of rigid heckles e, intermixed with the eets of elastic 
brushes c, e (in any way that may be deemed most advisable.) 
The cylinders V, b', are also made to revolve in opposite 
directions, and the rows of brushes and heckles on one 

Fig. 6.' 



cylinder are placed in alternating order in regard to those 
on the other cylinder, as before described. There are also 
loose stripping bars with guards, that, besides regulating 
the depth to which the heckles or brusheB shall penetrate, 
dofl', or throw down the tow from the brushes and heckles, 
and two small cylinders i", b", which are fitted with brushes 
for cleansing the working brushes and hecklea c, c. 

One of the cylinders h' may, if required, be made to oscil- 
late by means of the link h h, which, as it risea and faUs with 
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the lifter to which it is attached, movee the (wlinder in a 
horizontal direction to and from the other cylinder ; the 
hearings of the oscillating blinder are made to elide, and 
attached hy a rod to the radius arm hy which the wheela i^, 
I' m', and n' are kept in gear bo aa to answer the varying 
position of the oscillating cylinder. Motion is given to the 
rotating parts of the maclune as in the one first described, 
hut the holder is made to traverse or more forward in the 
trough, (which movement may also be applied to the brushing 



machine) by the combination of a bell-crank movement with 
the rising and falling motion of the trough, as will be here- 
after described. The mechanism for liftmg the trough h is 
shown in Fig. 6, and consists of a combination of pinions, 
wheela, camb, straps, pulleys and levers, such as are 
ordinarily used in heckling machines, and consequently well 
known. When the trough is raised, it pushes up a rod 
<e, which is connected to the long arm of the bell-crank y, 
mounted on a standard fixed to the top of the framework a, 
when a weight w, which is attached to the opposite end of 
the arm, falls over, and caiiaes the short arm of the bell- 
crank to puU in a rod a, which draws forward a finger-bar sc' 
of the ordinary construction, to an extent sufficient to 
advance the holder the breadth of one set of heckles or 
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braslies. The tow and shiye or dirt, tbrown down from 
Ao Iteekles or broshei^ are in ihia case receired upom an 
endless chain of bars f, t, instead of the inclined grating 
represented in the machine first described, bars of which 
extend the whole length of the machine under the heckles 
and brushes, and are connected together bj two side bands. 
Hie chain of bars reyolres round two friction puUe js v, ^, and 
takes into two pim(»is u,u^f by means of which rotation is 
giren to the cl^iin fetm the same first nKwer Irt which the 
other parts of the mftchine are put in motion. The shiye or 
dirt falls l^rough between the barft upon the floor, while the 
tow is carried forward on the top g€ the bars, and delivered 
into the ^ugh t'. To separate tow doffed from each set of 
heckles or brushes, the space between the endless chain of 
bars and the cylinders is diyided by partitions into as many 
compartments as there are sets of heckles or brushes, (see 
Pig. 1), and the receiving trough t' is also divided into a 
corresponding number of compartments. 
A cross-section of the holder of this machine is given in 





Fig. 7, and a longitudinal section in Pig. 8. It consists of 
two plates 1 and 2, connected transversely by a screw-bolt s, 
and having flanges a, a at their upper edges, by means of 
which they are supported in the trough p, Pig. 5. The 
plate 2 has two flMiges B, B, one at each end, which come 
within the two flanges a, a, of the plate 1, and thereby confine 
the streak at the edges. The inner face of the plate 2 is 
planed perfectly true, and covered with felt, cloth, or some 
other sofb or yielding material ; but the plate 1 is formed 
on its inner face with flat beads, and flat grooves in alternate 
order, as shown in Pig. 7, so that the streak of flax or other 
material may be more firmly compressed between the plates 
without being unduly crimped. At their under edges the 
plates are chamfered off to admit the holder to come lower 
down. By this mode of construction, the pins or studs, 
ordinarily made use of to confine the outer edges of the 
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Bti«KkB, are diepeiiBed with, Kad a greater breadth is 
obtained on whicn to spread the streaks, and the holder is 
also narrowed and rendered more easy to work, 

faibbaibn's patxttt B1T£TTBQ kachihs. 

226. In this machine, for riveting boQeni and other 
irrought-iroD ressels, the moving slide and die are worked 
by a revolving camb upon an elbow joint, which gives a 
variable motion, and exerts the greatest force at the closing 
of the joint and the fiTiiahing of the rivet. The following 
figure represents this machine. 

B is the boiler to be riveted, suspended by a hook which 
can be raised or lowered ; A, a large stem of malleable iron. 



firmly fixed in an iron frame f, which makes the whole 
perfectly s^e in the case of the dies coming in con- 
tact with a cold rivet, or any other hard substance, c it 
the slide moved by the camb ; in this slide are three dies 
correaponding with others in the stem a. By using the 
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centre die eyery description of flat ot circular work can be 
meted, and by selecting those on the sides it will riyet the 
comers, and thus complete yessels of almost eyery descrip- 
tion. This machine is of a portable form, and can bemoyed 
on rails to suit the article suspended &om the hook. This 
machine fixes in the firmest manner, and completes 8 riyets 
of |-inch diameter in a minute, with the attendance of two 
men and two boys ; whereas the ayerage work that can be 
done by two riyeters, with one "holder on** and a boy, is 
40 |-inch rivets per hour ; the quantity done in the two 
cases being in the proportion of 40 to 480, or as 1 to*^ 12, 
eiclusiye of the saying of one man's labour. The cylinder of 
an ordinary locomotiye-engine boiler, Si feet long and 8 feet 
diameter, can be riyeted and the plates fitted completely by 
the machine in four hours ; while, to execute the same work 
by hand, would require, with an extra man, twenty hours. 
The work produced by the machine is likewise of a superior 
kind to that made in the ordinary manner, the riyets oeiug 
found stronger and the boilers more free from leakage. The 
riveting is performed without noise, and thus is almost 
entirely removed the constant deafening clamour of the 
boiler-maker's hammer. 



CHAPTEE YH. 



THE STEAM-ENGINE. 

227. The means by which steam produces mechanical 

action is almost invariably a piston, moveable in a hollow 

cylinder. The piston is a solid plug or disc, fitting the 

interior of the cylinder so exactly, as to prevent the steam 

&om passing from the one side of it to the other ; the piston 

having, at the same time, sufficient freedom of motion to 

allow it to play up and down in the cylinder, without any 

considerable loss of force from friction. The ends of the 

cylinder are closed by strong discs; one of which is cast 

with the cylinder, and forms part of it ; the other, usually 

called the cap, is attached to the cylinder by screws and 

nuts, and so exactly fitted as to prevent the escape of the 

steam at the joints. Small apertures are provided at each 

I 2 
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end of die eyHnder, faniidied wilJi rtoppen, called vakes, bjr 
winch the stesm maj be admitted, or allowed to eacape, ik 
pleaaoie. Kow, it will be leadilj perceived tbat if a stitHig 
cnnent of ateam be admitted at one end of iiie cylinder, s 
will drive i^e piston to the other end; and if a coirent of 
ateam be admkted at the other end, that which had been 
perionalj admitted being allowed to escape, the piston wiE 
Be drhren back again. This operation being contmned, the 
piston will be alternately Mven badcwBid and forward 
within the cylinder, for ai^ lequnred kngth of time ; and 
the finoe with which this is produced will d^end on ths 
finoe of the steam. 

To ei?e the action thns prodnced a mechanical effect, an 
appendage, called the pigton-rody is firmly fixed into the 
centre of the piston. This rod is tamed exactly circular, 
and passea through a drcolar hole in the centre of the cap 
of the cylinder, — ^the hole being made to fit the nod so 
exactly, as not to let the steam esci^, and to move, at the 
same time, so fireely, as to require very Httle power to 
urge it. 

It will be easih^ understood that, to attain this object^ 
very great precision of form is necessary in the internal 
surface of tne cylinder, and in the piston and its rod. The 
cylinder is made of cast-iron, but the internal surface of it, 
alter being cast, is reduced to a perfectly cylindrical form, 
by a boring machine. (Art. 217.) The piston, which is fiat 
at either side, and circular at its edge, to correspond with 
the cylinder, is made to fit the cynnder in steam-tight 
contact, and, at the same time, to move freely, by a variety 
of contrivances, which are minutely described in the Third 
Edition of Hredgold on the SteamrMngvne. The hole through 
which the piston-rod plays in the cap of the cylinder, is 
surrounded by a packing of hemp, soaked in oil and 1»llow, 
which is pres^d ige^>e nd« of the piston.rod; and ik 
this way, whilst the motion is free, no steam escapes. The 
piston-rod thus partakes of the alternate motion winch the 
pislon itself receives, and conveys this motion to any object 
outside, with which it may be connected. This alternate 
motion, backwards and forwards, in a straight line, may be 
converted into any other kind of motion, by an infinite 
variety of mechanical contrivances, for the most important 
of which see Articles 143, 150, 169, 160, and 161. Various 
other important appendages of the steam-engine have been 
already described in Alleles 144, 145, 146^ and 147, as 
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^olatoFH of its motioii ; and in this 
Jflce it will be proper to deecribe the 
lowing additioiul appendages of 
' ' mpoitaiit machine. 



ICEBCimUI. eTEAl[-QA.UGE FOB LOW- 
PRES6UBE BOILEfiS. 

228. This instrument Ib shoim in 
Uie annexed figure, o ia a tube, 
leading firom that port of the boiler 
ffrttuD which steam is contained ; s 
Btop-cock, to open or close the 
communication at pleasure ; ubm a 
riphon tube of iron, which extends 
>to a height sufficiently great for a 
toluitm of mercury, representing the 
r pressure of steam in the boiler. At 
I H and m are two small apertures, 
I stopped by ficrews, which can be 
I opened or closed at pleasure. The 
I tube is filled through an opening at 
B,imtil the mercury shall flow through 
I the holes at m and m. The openinf 
B u and m are then closed, a smaU 
quantity of water having preTiously 
been let in at B, on the surface of the 
mercuryatH. Afloat isplaced on the 
Um of the mercury in the longer Ic^ 
(ff the eiphoD, from which a string is 
carried over the pulley p, to which 
a email index s la attached, which 
points to the diTisions on a scale. 
Now, let the Btop-cock be opened, 
and steam will flow from the boiler, 
and press upon the fluid in 6 ; and 
the column of mercury in the leg m & 
Kill be presied down to some point, 
as X, and the column in the longer 
leg of the siphon vill be raised to a 
point or, aa much above f» aa ib in 
the shorter leg is beJow u. As the 
mercury in the longer leg rises, it 
irill raise the float, the counterpoise of 
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which, 8, will of course descend ; and i^e scale is so adiiuted 
that it indicates the height of the column of mercury from x 
in the shorter leg to ir in the longer leg, which oolumn 
balances the pressure of steam in the boiler, or, more 
correctly apealong, it balances the excess of the pressure of 
the steam m the boiler, above that of the atmosphere ; in 
fact, the atmosphere, pressing through the open mouth of 
the tube upon the mercuiy in the longer leg, combines with 
the column of mercury ;r a; in bataociug the pressure of 
steam in the boiler. If, then, two inches of mercuiy be 
taken to express a poiuid per square inch, to which it is 
very nearly equal, such gauge will at once indicate the 
number of pounds per square mch by which the preesure of 
the steam in the boiler exceeds that of the atmosphere. 



229. In high-presBore boilers, a mercurial 
gauge of the form ehown in the preceding fig. 
would be ineonyenient, owing to the great 
height of the column of mercury which would 
be necessary. In this case a gauge of another 
form is made use o^ an example of which is 
shown in the annexed figure. Let a b be a cis- 
tern of mercury ; let 2 he a glaas tube, open 
at the lower end and closed at the upper end, 
immersed in the mercury, and contauiing air 
in its ordinary state. "When the stop-cock d is 
open, the steam from the boiler ruahea through 
the pass^e c, and, pressing on the mercury in 
the cistern, will raise a oolumn of mercury in 
the tube, by which the air in the tube wiU be 
compressed. When the air is compressed into 
half ita original bulk, its pressure will be 
doubled; when it ia compressed into one-third, 
its presBurewill be increased in a three-fold pro- 
portion, and so on. The pressure of the steam, 
therefore, will be measured by the space into 
which it is able to compress the air in the tube. 
When great accuracy is required, a slight cor- 
rection will have to be made for the column of 
mercury sustained in the tube, i a lb, per 
square inch being added to the pressure 
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indicated by the compresaioii of the air tcv every inch 
of mercmy euBtamed in the tube. There are other 
gangee appended to the steam-engine, as the barometer- 
gaage, the siphon barometer-gauge, and the glass water- 
gauge, which are minuteljr described in the Tkird Udkion of 
Tredgoid on the Steam-Engine, — their principle being very 
nearly the same as those aueadj described. 

■watt's rNDICATOB. 



&ont view in section, and 
s instrument. The rod at- 



230. iFig. 1 represents a 
fig. 2 a side elevation of thi 
tached to the piston plays 

through a coUar at a. At; ^i ^^s-^- 

is a pendl-holder. At « is 
a screw, by which the instru- 
ment ia inserted in a hole 
pforided for it in the top of 
the cylinder. At i/ is a stop- 
cock, by which a communica- 
tion may be opened or abut 
at pleasure between the indi- 
cator and the cylinder. The 
piston-rod of the indicator is 
Borrounded bya spiral spring, 
the lower extremity of whiiSi 
is attached to the piston and 
the upper extremity to a fixed 
piece a, containing the hole 
through which the piston-rod 
plays. When the piston rises, 
the spring is compressed ; 
and when it falls, the spring 
is extended. The spring is 
in eqttUibrio when the piston 
is at the middle of the cylin- 
der, and the space through which it rises and falls is, 
from the known properties of this species of spring, 
proportional to the force which presses the piston npw^^ 
or downwards. When both extremities of the cylinder 
are open to the atmosphere, the spring is at rest, and 
the piston in the middle of the cylmder ; but when steam 
is allowed to ps«s from the cylinder to the indicator, by 
opening the stop-cock d, such steam will press the piston 
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upwaidfy and comprees the spring with a force equal to tlie 
exceas of tbe presaui^ of the ateam above that of the 
atmoaphore. When, on the other hand, a vaeaam is pro- 
dnced in the cylinder by the condeoaation of the steam^ the 
aame Taeanm wiU be prodnoed nnder the piaton in the 
indicator, and the piaton will be forced downwards b j the 
excess of the pressure of the iMwosphere aboye that of the 
uncondensed yaponr in the cylinder. 

'' If an index were placed near the extremily of the piston- 
rod t, the pencil, ascending and descending on this index, 
would indicate hj the space through which it would ascend 
the excess of tbe pressure of the steam oyer that of the atmo- 
sphere, and bj the space through which it would descend, the 
excess of the pressure of the atmosphere oyer that of the 
uncondensed yapour. Both spaces added together, or the 
entire play of the piston, would, therefore, indicate the 
excess>of the pressure of the steam aboye the pressure of 
the uncondensed yapour which resists it, and would, there- 
fore, indicate the effective force of the piston, exclusive of 
friction. 

" But as the piston of the indicator would be in rapid and 
continued motion, it would not be easy to observe and 
record the limits of its plaj, and still more difficult to note 
the rapidity of its motion. An ingenious expedient was 
therefore contrived to enable the engine itself to record these 
effects, which converted the indicator into a self-registering 
instrument. A small square frame a b was constructed, the 
breadth of which was somewhat greater than the extreme 
play of the piston of the indicator. In it was placed a card, 
capable of sliding in a horizontal direction in grooves : a 
stnng e was fastened to the side of the card, and, passing 
under a pulley, was carried upwards towards h, and attached 
to some part of the machiaery which rises and falls with the 
piston of the engine. Another stringy was attached to the 
other side of the card, and carried over a puUey and fixed to 
a small weight w. When the piston rises, the string e is 
drawn to the left, the card drawn in the same direction, and 
the weight w rises. When the piston falls, the weight w, 
acting on the string^ draws the card to the right ; thus, as 
the piaton rises and falls, the card is drawn alternately 
through a certain space left and right. Now, suppose the 
steam to be admitted above the piston, to press it down, this 
steam presses the indicator of the piston up, and the pencil 
t, passing on the card, would, if the card were at rest, mark 
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upon it a Btraight line, the length of which wOl indicate the 
pressure of the steam ; but as the card is drawn from lefk 
to right while the piston falls, the pencil will describe upon 
it a cunre (as in fig. 1), b^ the combined effects of the 
vertical motion of the pencil and the horizontal motion of 
the card. When the piston has reached the bottom of the 
cylinder, and the upper exhaustiag yalve is opened, a vacuum 
is produced in the cylinder, which vacuum extends to the 
indicator, the piston of which, therefore, descends, the pencil 
t descending at the same time and at the same rate. While 
this takes place the card is moved from right to left, and a 
corresponding curve is described by the pencil, the curvation 
of which will indicate the suddenness with which the vacuum 
is produced, as well as its degree of perfection. Prom what 
has been stated, it will appear that in a single ascent and 
descent of the piston, or iu one stroke, as it is called, a curve 
wiU be formed on the card, which will exhibit not only the 
entire effect of the steam acting on one side against the 
uncondensed vapour on the other, but wiU show the entire 
character of its progressive action at every point of the 
stroke." 

There are various other arrangements in mechanism for 
regulating motion appended to the steam-engine, as the 
governor, safety-valves, &c., already described in articles 
144, 145, 146, and 147, which, with those described in the 
following articles, render this important machine completely 
self-acting. 

BOILEBS A^i) THEIB APFEKnAOEB. 

231. The cross section of a waggon boiler is shown in 
fig. 1, and the longitudinal section of the same boiler is 
shown in fig. 2. The same letters refer to the correspond- 
ing parts in the two figures ; " a is the grate supporting the 
burning fuel ; h and V represent the flue which encompasses 
the boiler ; e, e are the gauge-cocks ; s is the steam-pipe 
which leads from the boiler to the cylinder; ^^ is the 
safety-valve, the pressure upon which may be regulated by 
the sliding-weight g, the lever gp being fixed on a pivot 
at 27. The spindle of the valve is attached to it at i ; A is a 
foM: to keep the lever gp in its position. The weight g 
produces an effect at *, which is in the proportion of gp to 
ip : thus, if gp be three times ip, then lOlbs. suspended at 
g will pi*oduce a pressure of 3x10 = 801bs« at i. The 

I 3 
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opening which appears immedlatelj above the Talve is the 
end of a discharge-pipe for conducting away the eteom which 
escapes from the Bafety-valTc. When the pressure of the 
steam in the boiler exceeds the pressure produced hy the 
weight on the safetj-Tslve, the latter will he raised, eteam 
will escape around it, 



thi 



thi 
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pulley, is attached to a rod r, whioh supportB the damper. 
This chain, a9 it rises and jGills, raises and lowers the damper, 
and opens or closes, more or less, the flue across which the 
damper passes.^^When the pressure of the steam within 
the Boiler is undnl]^ augmented, the colmnn of water it sup- 
ports in I rises ; with it rises the float o, and consequently 
the damper r falls, contracts the flue, diminishes the draft, 
mitigates the heat of the furnace, and thus lessens the 
evaporation in the boiler. When, on the other hand, the 
evaporation in the boiler does not proceed &st enough, the 
pressure of the steam in it is unduly diminished, and the 
column of water it supports in the tube I is lowered ; the 
float o fiills, and the damper r rises ; the opening of the flue 
is enlarged, the draft increased, the furnace acquires addi- 
tional heat, thus augmenting the evaporation. In this 
manner the varying demands of the engine on the boiler are 
supplied by the varyinc power of the furnace — ^the wants of 
the engine producing tiie requisite eflect on the boiler." 
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233. '' The float m, flg. 2, rests on the surface of the water 
within the boiler ; a wire attached to it passes, steam-tight, 
through a collar in the top of the boiler, and is fastened to 
the end «? of a lever, which is balanced by a weight w at the 
opposite end; a rod is attadied at i» tc> the lever, which 
descends to the bottom of the small hole in the hot water 
cistern k^ and is attached to a valve at the bottom of this 
cistern, which opens upwards. When u rises, this valve is 
opened; when it is pressed down, the valve is closed. 
The cistern k is supplied by a small pump, called the hot 
water pump, which draws water from a reservoir receiving 
the discharge from the condenser of the engine, as throvni 
out by the air-pump. — This water is thus pumped by the 
engine itself into the cistern £, and a w^aste-pipe is provided 
for the discharge of so much of it as is not consumed by the 
boiler. — When the water in the boiler begins to be ex- 
hausted, the level falls, and with it the float m ; this draws 
down the end v of the lever, and raises u, by which the 
valve is opened, and the water from the cistern k allowed 
to descend by the tube I; and this continues imtil the level 
of the water in the boiler is raised to the proper point ; the 
float m is raised with it, and the end v of the lever also 



TSB STSAlf-BOnXBS. 181 

raised. Rod tbe jtUva o dosed." In this numaer the water 
in tbe boiler is always austaiiied at a proper heielit. 

" All these arnmgemeots will be still more clearly ouder^ 
stood by mesne of the following figure, which represents 
the waggoD boiler with all its appendages in perspective. 
The grate tmi a part of the fiues are mode visible by the 
removal of a portion of the maaoory in which the boiler is 
set. The interior of the boOer is also shown by cutting off 
one half of its roof." 



234. The Slide-Valvea. — " In the following figures, page 
182, are represented the most usual forms of slide-valveB. 

Kg. 1 represents in section the cylinder, piston, and slide: 
B ia the mouth of the steam-pipe coming from the boiler ; 
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« ii the pipe leading to the condeneer ; t is the rod which is 
attached to the ehde, moving through a etuffing-box m n. 
This slide is represented in longitudiual section, separately, 
in fig. 8, and in tranererBe section in fig. 4. In the position 
of the dide represented in fig. 1, the steam passing &om the 
boiler enters at a, and passes to the bottom of the cylinder 
through the opening h, and acta below the piston, causing it 



m 



to ascend. The steam which was abore the piston escapes 
through the opening at a, and descending through a longi- 
tudinal opening in the slide behind the mouth of the steam 
pipe, finds its wej to tJie pipe e, and through that to the 
condenser. 



r 
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AVhen the piston has reached the top of the cylinder, the 
slide will have been moved to the position represented in 
fig. 2. The steam now entering at s passes through the 
opening a into the cylinder above the piston, while the 
steam which was below it escapes through the opening h and 
the pipe e to the condenser. 

The form of the valve from which it derives its name of 
D-valve is represented in fig. 4. The longitudinal opening 
through which the steam descends then appears in section of 
a semicircular form. The packing at the Dack of the slide 
is represented at k ; this is pressed against the surfiMse of the 
valve-box. 

235. The general arrangement of the several parts of the 
steam-engine already described in Articles 143, 144, 145, 
146, 147, 150, 159, 160, 227, 228, 229, 230, 231, 232, 233, 
and 234, so as to constitute the double-acting stationary 
engine, as constructed by Messrs. Fairhaim and Co,, of 
Manchester, and generaUy used in manufactories, is fully 
described in Lardner^s JMUmentary Treatise on the Stemm 
Engine, Wealds Series, — The Cornish Pwnpvng'engvne and 
the Sigh'jpressure JElngvne, are described in W, JPole^s works 
on those subjects. — See also the Budimentary Treatise on the 
Marine Mngvne, hy Jt. Mwrray, CM, Weale^s Series, and 
J. SewelVs B/udimentary Treatise on the Locomotive Engine 
in the same Series, The object of this work being chiefly to 
treat of the purely mechanical arrangements of the several 
appendages of this important machine, without entering 
into the details of the chemical properties of steam, which 
will be found amply discussed in the works above referred 
to; and, to conclude this chapter, two steam-engines of a 
novel, ingenious, and economical construction, shall be 
described, which received high approbation at the Qreat 
Exhibition of 1851. (See pages 184, 185, 186.) 

OSCILLATING ENOIKE. 

236. This engine is chiefly indebted to Mr. Penn for its 
elegant simplicity and its present perfection of workman- 
ship and arrangement. It need hardly be explained that 
this engine derives its name from its cylmders " osciUating" 
upon hollow axes or truunions, through which the steam is 
admitted to, and withdrawn from, the cylinders ; the piston- 
rod by this means accommodates itself to the motion of the 
crank without the parallel motion being required. This 
construction has now been proved as applicable to ocean 
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steamers as to small boats an riveTs ; it also appeazs to be 
Tell ad^ted for diivrng tbe Bcrew-^ropeller ; and <x 
accoimt of the small space that its machiaerr oocopies it ia 
fifequently made portable for agricnltural and various o" 
uses. 

The oimesed figure ebows an engine of this hind, in whidt 
tbe number of working parts are greatly reduced -whesi 
compared -vritb the engines just descnbed ; thus rendering it 




very simple and leas liable to get out of repair. It ia well 
adapted far working threshing machines, saw-mills, com- 
mills, &c. The power may be communicated hv a leathar 
band OTcr a pulley fixed on the axle of the fiy-wheel, or by 
means of a spur-wheel and pinion. Here p ia the piston, 
actins an the crank which is fixed to the axle of tue fl;[- 
wheel; o the oscillating cyliiLder, to which the steam is 
admitted through the hollow axle a, and withdrawn through 
a similar hollow axle at the opposite side of the cylinder. 
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All modem marine en^ss have icndJlB cylinders, acting 
qun crmkB which aro inclined to one another. This is 
necessary for the puipose of pasBine the aile of the paddle- 
wheels or Bcrew-ahaft over the dead pointe, as the fly-wheel 
in engines of this kind ia-iaadmisBible. 

USBBS. WXL^UM JOTCE AlTD CO.'S HEPBOTES PXITDUXOrS 
HtGH-TBEBSCBB BTSAU-EirGINE. 

237. The prindpdl advantages of this engine are its great 
tdmplicitT and economy of fuel. The cylinder is inverted, 
and oscillates on its tninmons after the manner of a pendu- 
Imn, and the piston-rod is connected direct to the crank-pin 
without the intei^entjon of cross-heads, connecting-rods, Ac. 
Prom the great ^njAicity of this engine there is no risk of 
derangement ; its toeing composed of so few parte causes the 
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friction to be reduced to the smalleat poisible amonnt. The 
aocompanyiog cute represent a front and side view of the 



For extended information on these important aubjecta Bee 
the Third Edition of TredgoU on the Steam-Engine. 



^ 
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CHAPTEE Vni. 



MAGHINEBY FOB MANUFACTUSINQ AND BE7INING SUQAB. 

238. Sugar is the sweet or saccharine constituent of 
Tegetables, in all of which it is found in greater or lesser 
quantities. It occurs most abundantly in the sugar-cane, and 
next to this in the beetroot and maple. The sugar obtained 
from these three vegetables has the peculiar property of 
cryBtaUising in oblique prisms. Sugar also occurs, though 
less abTmdantly, in ^pe grapes, dates, figs, pears, and other 
frmts, the crystals of which are called decrepit, or not truly 
formed ; and its sweetening power is only about three-fifths 
of that from the sugar-cane, &c. There are also the sugar 
of manna, milk, mushrooms, &c., which may be called animal 
substances. The sugar of commerce consists of oxygen, 
carbon, and hydrogen, in about the following proportions in 
100 parts, as given by Gay Liissae, <&c. 

Oxygen .... 50^ 
Carbon . . . . 42^ 
Hydrogen . >. . 7 

100 

239. The sugar-cane (Arundo saccharifera, or sugar-bearing 
reed) varies in height from 8 to 16 and even 20 feet, and is 
from 1 to 2 inches in diameter at the bottom of the stem, 
which is of a green hue, changing to yeUow as it ripens, and 
divided by circular joints about, 3 inches apart. The cane 
is brittle, with flat pointed leaves of 3 or 4 feet in length, 
which fall off as the plant advances to maturity. It is 
found in a wild state in the tropical parts of America and 
the West India islands ; also in the tropical parts of Asia 
and Africa, though less abundantly. When the canes are 
ripe, they are cut and carried to the mill-house, and crushed 
by a machine composed chiefly of rollers, between which the 
canes are passed. The crushed cane is then boiled, and the 
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joice is drawn &om the boiler, then evaporated and clarified, 
and separated &om the molasses, being now of a brown 
colour, and in large broad CTTstals ; in this state it is im- 
ported &om the West Indies in b<^headB. There are 
annually imported into the United Kingdom upwards of 
6,000,000 cwta. of unrefined sugar, about three-quarters of 
which come from British possessions. 

BOHSOSXB'S PATBITT ETAPOEATIHG BISO-FAIT. , 

240. Schroder's patent pan, lately introduced with great 
success into the west Indies, for evaporating Baccharine ! 
solutions and liquids at a temperature not exceeding 180° 



Fahrenheit, and may be worked by hand or other motive 
power, is shown in perspective in the annexed engraving. 

This invention is patented in the United Kingdom and 
British Colonies, Prance, Holland, Belgium, Cuba, Ac. 

It has the property of evaporating syrups and other \ 
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liquids at a temperature under 180° Fahrenheit^ at which 
degree sugar cannot carbonise. 

Evapoiation is as rapid as bj the vaeuum-pan, while 
the expense, including the royalty, is about lOOL 

Bv^ery part of the machine is open to yiew, and from its 
extreme simplioity can be cleaned, or any accidental injury 
repaired, by a common wori^man. 

If the machine, is worked as a substitute for the tache, 
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the economy of fuel will be obvious, when contrasted with 
other modes of evaporation. 

The whole weight of the revolving discs being supported 
i^n centre-bearings, the revolution of the evaporating 
surfaces is effected with slight exertion or exp^ise of power, 
and the contact of the atmosphere, combined with the 
.rapidity of condensation, produces a large, hard-grained 
sugar,, not to be surpassed hj any other mode yet employed. 

A reference to the drawmgs wiU show the operation of 
the machine, which may be simply described. The man, or 
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steam pover, tarns the battery of discs, J, vhicli exposes 
tlie liquid or syrup that adheres to them to atmospheric 
evaporation ; the condensed water from the steam pipes runs 
into the condensing chamber, from which it can be returned 
into the boiler at a temperature a little below 180° Pah- 
renheit. When the syrup is cooked, the eleration of the 
lever-handle, n, discharges the contents of the pan. The 
plan and cross sections will show the disposition of the 
steapi-pipes ; but any other modification can be adopted 
that suits the purchaser. 

Seferencet to the cross and longituditutl sections and plan 
of ScHBOnxB'sjMifenf jxm. 



d, d, d, d. Four tiers of pipes containiiig steam. 

e. Stop^Mck for ilmttdng off steam £rom top coil of pipes whai 

required. 

f. Branch pipe for letting off condenBod water from d,d,d,d. 

g. Pipe leading to Condenaer boi {not shown) which prevents 

steam &om blowing througli the pipes, but allows the ood- 
densed water freel; to pass of^ eiUieF by returning to ths 
Steam Bo)l«r or to waste. 
\, Pan. 
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^ name carrjing ditto with tie rods. 

f'l Tie Intent Eiaporeting Discs. 
, Spindle sapporting ditto willi pieces to regulate the diataoM 

between diaca. 
i, Winch-liandle for tamisg diacs. 

., PLAM 



t. Loaded YalTe for discharging pan, v 
>, Conduit for the above. 



THE BLOW-UP PAM8. 



. The first proceas the raw sugar nndergoeB, prepara- 
' toiy to refining it, ia melting or disBolTing it in the Dlow-np 
pans, as tber are called, ^ese pans are large cylindrical 
copper vesada, about 8 or 9 feet in diameter and 5 feet 
deep ; into which steam is introduced by means of pi^es 
; coiled round within the vessels to dissolve the sugar, which 
thence becomes a dark, thick, Tiacous Kquid; as yet the 
earthy impurities, and part of the molassea, which are 
always present in raw sugar, are unremoved ; a small por- 
tion of lime-water being admitted to the lii^uid au^r, 
and constant atirring with long slender rods bein~ ""-':— ^ 
to assist the process of lique&ction. This proc 
eintple that it may be easily understood without 
tration. The blow-up pans are generally lectang 
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7 feet long,3 or 4 feet wide, and 3 feet deep, with^ 
copper pipes near the bottom, throogk toe holes of 
steam is blown into the sugar. 



THE nLTEBDTG FBOCESS. 



242. When the raw sugar has been suffidentlj diseoh 
in the blow-up pans, just described, it is allowed to 
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Fig. 8. 
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kom the blow-up pans to the filters, which are placed in a 
■nrer room. The filters are cast-iron vessels in the form of 
Bbests, about 7 feet in height, 4i feet broad, and 8^ feet in 
Pig. 1 is a section, fig. 2 a front eleyation, which is 
ihed with a door for the arrangement of the filtering 
and fig. 3 is another kind of mtering yessel, called a 
-filter. At the top of each filtering vessel is a shallow 
ber, in which the liquid sugar is first received, and in 
Hie bottom of which are several circular holes (shown in 
fig. 1) ; below these holes are suspended several stout canvas 
bags, from 5 to 6 feet long and 2 feet wide. Into these 
!bags the melted sugar flows, and strains £;raduallj through 
the bags, in a transparent stream of a shghtlj red colour. 
XaclL filtering vessel contains from 40 to 50 of these bags, 
in which are retained all the impurities, already referred to 
in the last article, with the exception of the colouring 
matter, which is removed hj another process. The bags, 
when they become clogged with impurities, are taken out of 
the filtering vessels and completely cleansed in the yard of 
the refining establishment. 

CHABCOAL riLTEBS OB OISTEBNS. 

243. Preparatory to describing these cisterns, which are 
12 to 18 feet high, and 3 to 4 feet diameter, we must first 
inform the reader that at the bottoms of the filtering vessels 
is formed a false floor of laths. This false floor is completely 
covered with a strong woollen cloth, on which a layer of 
powdered animal charcoal, or bone-black, as it is commonly 
called, is laid, of about i^^ to 18 feet in thickness. The 
liquid sugar flows from the fllter-bags upon the charcoal^ 
and in a short time distils through the layer of charcoal and 
the cloth lath-work beneath it, and is thence carried off by 
pipes, having now become a transparent and nearly colour- 
less liquid, through the operation of the charcoal-filter. 
Thus tne heavy impurities of the liquid are got rid of by 
means of the canva^ bags, described in the last Article, and 
the colouring matter disappears by the charcoal-filter just 
described. This last process is of too simple a character to 
require illustration by drawings. 

The. charcoal, afber about a week's use, becomes com* 
pletely filled with impurities, which are soon removed by 
burning it in retorts in another part of the refining esta- 
blishment. The charcoal then becomes as good as before 
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and though it wastes in a slight degree, the pofw^^ 
charcoal can never be destrojed, the same charcoal ~ 
been rebumed and used in the same establishment, 
said, for upwards of 20 jeais. 



BOILIKa TH£ LIQUm SITOAS IK THE TACTJITM-PAira. .l* 

2^4i. These pans are circular, dome-covered, air-1 
copper vessels, as represented in the opposite engravi 
each pan is fumishea with pipes, valves, and taps for 
various purposes of allowing the air to be drawn off b j 
air-pump, for admitting steam to the pan, for testing 
temperature of the liquid, &c., &c. 

Tne saccharine liquor, after passing through the charcoali 
filter, is pumped into these pans. Steam is next admitted j 
by a pipe at the bottom of the pans into a space below the^ 
liquid sugar, and also by several other pipes to the interior | 
of the fluid mass, which is thus brought to a boiling states 
at a temperature little higher than that of a blood-heat :^ 
such is the weU-known effect of the vacuum created in the 
pan. That a more perfect evaporation of the liquid sugar 
mav be effected, it is made to now through large iron pipes 
(shown in the engraving), each containing several ^aU 
tubes, which further tend to condense the steam and main- 
tain the vacuum. As this process of evaporation goes on, 
the crystals of sugar are termed in the pons. For the 
purpose of testing the state of the sugar in the pans, each 
of them is furnished with a gkss pipe and thermometezv: 
showing the state of the steam ^nside, and an indeix bj 
which tne progress of the evaporation of the liquor maj be 
determined. Bj these means, and finally by means of the 
proof-rod, which penetrates to the interior of the pan, by 
means of valves, without disturbing the vacuum, the efficacy 
or inefficacy of the boiHng is determined ; and it is then, as 
the caj3e may be, either submitted to further boiling, or at 
once drawn out of the pan for the next process. 



Note, — ^Formerly the liquid sugar was boiled in large open pans over 
a fire, at a temperature of above 240** of Fahrenheit, but by the 
greatest care in boiling the sugar was injured by this high temperature, 
and crystallisation could only be partially obtained, l^tus great defect 
was remedied by the invention of the vacuum-pan, just described, by 
Mr. Howard, about forty years ago, who patented his invention, by 
which he realized upwards of £40,000. 
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8VGAB-HEATEBS. 

245* The process in the yacuum-pans being finished, the 
dystallised sugar is now transferred to the heating vessels, 
or sugar-heaters, for the purpose of giving it greater con- 
sistency. Heaters are simply semi-eUiptical cast-iron pans, 
with a copper lining — ^the ste^m is admitted between. 

THE MOITLnS. 

246. The moulds are vessels nearly of a conical shape, 
placed on their vertices. Their mean dimensions are about 
2 feet in length and 6 or 7 inches in diameter at the larger 
end, which is open. The liquid sugar is poured iato these 
moulds, and after remaining in the mould about two days, 
and then undergoing the final operations of " washing and 
brushing off," as they are called, the sugar-loaf, so well- 
known m commerce, is completed; it having only now to 
be folded in paper and dried in a room heated to a high 
temperature bv means of iron-pipes, through which the 
surplus st^am m)m the boiler passes. 

Note, — The cost of loaf or refined sugar seldom exceeds that of 
brown or unrefined sugar by more than 20 per cent. This result 
is due to the great improTements in the process and machinery by 
C» E, Howaardf &q., in 1812, and subsequently by oUiers ; preTious to 
which the cost of refining was not less than from 40 to 50 per cent 
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247. The opposite engravings show the elevation, section, 
and plan of revolving retorts for burning animal or bone 
charcoal, for refining sugar ; also elevations and plan of the 
appended steam-engine and machinery, the nature of which 
may be readily seen from the engravings. By these arrange- 
ments very superior charcoal for the sugar-refiner*s purpose 
is obtained, as well as greater economy in producing it. 
This system of retorts, &c., was recently patented by 
J'ames Boioman, JEsq., who transferred his patent to George 
2hrr, JSsq., animal charcoal, ivory black, and ammonia 
manufacturer, London, whose son now possesses the sole right 
of using these valuable improvements. 
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CHAPTEE IX. 

— ♦— 

ON THE FRICTION OF MACHINERY, AND LABOURING FORCES. 

248. In the inyestigations of the problems in equilibrium 
the siu*faces of bodies have been assumed to be perfectly 
smooth ; but, in practice, all bodies are found to be more or 
less rough, and therefore the results that have been deduced 
will be more or less modified by the effects of this rough- 
ness, which produces a retarding force called Motion. It 
has been found by experiment that this retarding force or 
resistance, on a given surface, is a certain proportional part 
of the weight of the body moved, and that it is not affected 
by the rate of motion, nor by the extent of the rubbing 
surface. Thus,'if the weight w rest on the horizontal plane 
A B, and it be drawn horizontally by a weight f attached to 
a cord passing over a pulley p, then the weight f, which is 
just sumcient to draw w along the plane, wUl measure the 
friction of w on the plane. If w 
be 1 ton, then, in the case of well- 
made, smooth Macadamised road, 
the resistance of friction is found 
to be about -^jc of the whole load, 
or F is about 76 lbs. to the ton ; 
so that a horse drawing 1 ton along such a road, must pull 
with a force of 75 lbs. ; which is called the traction of the 
horse. In the case of a railway, where the friction is pro- 
bably the smallest in all ways, beiing about ^^^ of the 
weight, therefore, if w be 1 ton, then f will be 

IV 1 TV 

—r = 8 lbs., and if - = ^^, then, generally, f will be = — . 
280 ^ n 

The fractions ^V ^^^ tsj^ ^^^ called the co-efficients of 
friction. 

249. If the inclination of the plane, on which a body m 
moved, is small, as on the asoendmg and descending 
gradients of railways, and the ascents and descents of com- 
mon roads, the pressure on the plane will evidently be very 




ON THE FBICnOK OF HACHINEBT, ETC. £01 

nearly equal to the weight of the body ; hence the resist- 
ance produced by friction may be calculated with sufficient 
accuracy after the manner explained in the last article. 

250. Now, let p = power requisite to draw a weight w, 
including its friction, along a plane with a rise of h feet in 
100 feet, Q = power requisite to draw w along the plane 

w 
exclusiye of friction, and let the friction f be = - =annpart 

ft 

of tbe weight ; required the relation between p and w. 

By Art 118. Q : w : : A : 100 ; 

^ w 
whence Q = Jqq ; 

, ^ . Aw w A« + 100 

batP = Q + F = — +- = -j^^^w 0) 

_ lOOnp . 

•'•"^"An + lOO- ^^^ 

Ex, 1. If a train of 30 tons be moved alon^ a level rail- 
way, what power will be required to overcome ttie resistance 
of friction at the rate of 81bs. per ton, or -^jf of the weight ? 

Here the required power P is equal to the resistance of 
fiietion, that is, by Art. 248, 

w_30x22^^ 
p-F-^- 280 -^^^^^•' 

or, p = 8 w = 8 X 30 = 240 lbs. 

JEJr. 2. — ^The gradient of a railway rises 2 feet in 100 ; 
what power will be required to draw a train of 60 tons up 
the gradient, the co-efficient of friction being -^-^ or w = 
280? 

By equa. (1), Art. 250, 

A«-t-100 5x280-1-100 ^. ^^.^ oi5>./Mi. 
^ = "100^^= 100X280 X 50X2240 = 2640 lbs. 

Ex. 3. The ascent of a turnpike-road is 5 feet in 100 ; 
what power will be requisite to draw a load of 6 tons 
thereon, the co-efficient of friction being -^-^ or w = 24 ? 

K 3 
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jj A»H-100 5x24+100^ ^^,^ ,«^«,t. 
Here p = -rrrrr w = ,_, , r — 6 X 2240 = 1232 lbs. = 



llcwt. 



100 f» 



100x24 



Note. — The powers resulting from these three examples are just 
sufficient to balance the load and the friction ; therefore a small 
addition must be made to each of these powers toi put the train or 
carriage in motion. 



THE rSEFUL EFFECT OB MODULUS OF A MACHINE. 

251. The useful effect or modulus of a machine is, the 
fraction which expresses the value of the work compared 
with the power applied, which is expressed by unity. Thus, 
if a macnine only perform •§• of the work applied to it, in 
this case -J- of the work or power applied is lost by friction, 
and f is called the modulus of the machine. The work that 
is thus lost depends on the nature and extent of the rubbing 
surfaces. The work thus lost in the screw, the inclined 
chain-pump, &c., is very great. The following is a table of 
the moduli of several machines in which the friction is con- 
siderable, with examples of their application. 



Screw press . . . 
Endless screw . . 
Inclined chain-pump 
Upright chain-pump 
Bucket-wheel . . 
Pumps for draining mines 
Crab for raising materials 






JSk. 1. The distance pw at which the power acts is 6 feet 
(see fig. to Art. 122) and the distance between two of the 
threads of the screw is 2 inches ; what pressure will a man 
be able to exert with the screw-press when he acts at p with 
a force of 150 lbs., the useful effect of the machine being 
only -J- of the power applied, as per table ? 

By equa. (1), Art. 122, in conjunction with the table, 



x^ = 



27rr P 

pressure = w = — -r — 
11309§ lbs. = 5 tons, 109^ lbs. 



2 X 31416 X 72 X 150 



2x3 



IJa:. 2. — ^Let the length of the winch of each of the 
handles hh be 18 inches (see fig. to Art. 163) the radius 
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c^ the pinion p = 2 inches, the radius of the spiir-wheel 
8 = 20 inches, and the radius of the barrel or mrum b = 
8 inches; required, the weight that can be raised hj the 
crab when a continuous power of 160 lbs. is applied to the 
two handles; the usefdl effect being as per table. 
By equa. (2) Art. 30, and the table, 

JESr. 3. — ^A power of 150 lbs. is applied to the wiuch which 
turns the axle of an inclined chain-pump ; what weight of 
water will this power raise, the length of the winch being 
20 inches and the radius of the axle 4 inches f 

By the property of the lever, or wheel and axle, in con- 
junction with the table, 

4w = |.x20x P; 

whence w = = 300 lbs. 

4 

iSr. 4. — The piston of a steam-engine draws the rod of a 
pump for draining a imne with a force of 6 tons ; what weight 
of water will be raised by the piston ? 

Here the engine is supposed to act with a lever with 
equal arms ; hence by the table, 

w = fp = §x6 = 4 tons. 



THE PBACTICAL APPLICATIOll^ OF MSOHAITISM TO THE 

WOEK OP LIVING AGENTS, 

{2^ friction of the machinery not leing considered. 

In applying the principles already laid down, to estimate 
and compare the different kinds of work performed under 
different circumstances, it becomes necessary to have a dis- 
tinct measure or unit of work by which the various results 
can be estimated and compared. 

252. The English tmit of worh is the power necessary to 
raise one pound through a space of one foot. Thus, if one 
pound be raised one foot either by a living agent or by a 
machiue, then one unit of work has been performed ; if 1 lb. 
be raised 5 feet, then 6 units of work have been performed ; 



\ 
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if 4 lbs. be raised 6 feet, then 4 x 6 = 24 units of work have 
been performed, and so on. Hence the units of work per- 
formed are measured hy product of the weiaht of the body in 
pounds^ and the space or height in feet through which it is 
raised; also, pressures or resistances of every kind, in what-i 
ever direction they are exerted, may be expressed in pounds, 
and therefore measured by the unit of work here described. 
JEr. 1. — How many units are required to raise a corf of 
coab of 5 cwt. from a pit, the depth of which is 60 fathoms ? 

Weight of coals in pounds = 112X5 = 560 lbs. ; 
Depth of pit in feet .... = 60X6 = 360 feet ; 
.-.the units of work required = 560X360 = 201,600. 

Ex, 2. — The ram of a pile-engine weighs 9 cwt., and it 
has a fall of 21 feet ; required the units ox work exerted in 
raising the ram ? 

Units of work = 9 x 112 x 21 = 21,168. 

Ex, 3. — How many units of work will be required to 
pump 6000 cubic feet of water from a mine, the depth of 
which is 80 fathoms ? 

A cubic foot of water weighs 62| lbs. ; hence, 

weight of water = 62} x 6000 = 375,000 ; 
. • . units of work ss 375,000 x 80 x 6 = 180,000,000. 

Ex, 4. — ^A horse moving at the rate of 3 miles an hour, 
draws a bucket of water weighing 100 lbs. out of a well, by 
means of a rope passing over a pulley ; required the units of 
work done per mmute. 

Space passed over per minute = — — - — = 264 ; 

.• . units of work per minute = 264 x 100 = 26,400. 

Ex, 5. — How much labouring force will be required to 
raise 1000 gallons of water from a well, the depth of which 
is 50 &thoms ? 

Ex, 6. — How many units of work will be performed by a 
man descending a mme 50 fathoms deep, and drawing up a 
weight of 140 lbs. over a fixed pulley, the man's weight 
being supposed slightly to exceed the given weight ? 

Ms, 42,0001bs. 
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SOUBCXS or LABOFEHTG FOECB AKp THE WOEK OF 

LIVIKG AOEITTS. 

253. The cliief sources of labouring force are emvmaU^ in- 
eluding man, watery wind, and steam : the labouring force or 
work of animals varies according to the manner in which 
they exert their strength, and it is estimated by the number 
qf units of work which they can raise, or move by drawing, 
OP by pressure in any direction, in one minute. The follow- 
ing table shows the amount of effective work that can be 
performed by several of the most common living agents. 

Work done per minute. 

Duration of labour, eight hours per day. 

Horse-power 33,000 units.* 

A man turning a' winch 2,600 „ 

drawing horizontally 3,200 „ 

raising materials with a pulley . . 1,600 „ 

throwing earth to height of 5 feet . 560 „ 

Samples of manual potoer, 

Mp. 1. — ^How many tons of earth will a man raise in eight 
hours working with a winch, (wheel and axle,) from a mine 
20 fathoms deep ? 

Here the time of work is 8 x 60 = 480 minutes, hence 
Units of work per day . . . = 2600 x 480 (see table) ; 

Units of work in raising 1 ton-i 

to the height of 20 fathoms, \ = 2240 X 20 x 6 ; 

or 120 feet J 

xr V 4^4. -J 2 600x 480 .^^ 

.:. Nmnber of tons raised . . = 2240x20x6 = ^'^' 

JSr. 2. — ^How many cubic feet of earth of 100 lbs. per foot, 
win a man throw to the height of 5 feet in a day of eight 
hours P 

„ ^ 560X60X8 ^.^3 

* This is the number of units of work assigned by Watt to a horse, 
hut hy recent experiments it has been found to be considerably too 
much, f of which, or 22,000, is considered to be the work of a horse of 
average strength; however, the number given in the table is still 
retained by engineers as the number of units of a horse's power. 
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Hx, 3. — How many tons of earth will a man raise witk a 
single pulley in a day of eight hours, from a mine 80 feet in 
depth P 

-_ ., 1600x 60x8 .„ 

1^0. of tons = — sstt: — 7:7: — = 4* 

2240 X 80 ^ 



JEaamples of horse-power* 

Ea;. 4. — How many horse-powers will it require to raise 
five cwt. of coals per minute &om a mine 100 fathoms deep ? 

Weight of coals raised per minute =: 5 Xll2 = 560 lbs ; 
Depth of mine in feet . . . . = 6 x 100 = 600feet ; 
. • . units of work per minute . . = 560 x 600 = 336,000. 

Now a horse does 33,000 units of work per minute (see 
table, Axt. 253) ; 

^ 336j000 -^ ^ 

/, Horse-powers or H = 33 00(} ^ ^' 

JEr. 5. — How many horse-powers will be required to lift 
10,000 cubic feet of water per hour, from a mine 80 fathoms 
deep ? 

Weight of water = 62i x 10,000 lbs. ; 

Depth of mine . = 6 x 80 feet ; 

.^ « , . 62^x10,000x6x80 
/. units of work per nun. = 



60 

62i X 10,000 X 6 X 80 
60x33,000 



and H = ''^::' Z^:^ = 151^^. 



Ucc. 6. — How many cubic feet of water will an engine of 
10 horse-powers raise per hour, from a mine 80 &thoms 
deep ? 

Ex, 7. — ^Eequired the number of cubic feet of water which 
an engine of 60 horse-powers will raise per hour, from a 

by mction. 

Ex, 8. — A forge hammer weighing five cwt. makes sixty 
lifts of 2 feet each in one minute ; what is the horse-power 
of the engine that moves the hammer P 
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wobk: ts HoyrETG a cabbiage ob bailwax tbatbt 

ON A HOBIZOKTAL PLAIOS. 

254. When a locomotiye engine commences its motion, 
its power exceeds the resistance, and therefore the speed of 
the engine continues to increase until the resistance becomes 
equal to the power of the engine, then the speed of the train 
will be uniform, which is commonly called a steady speed, 
or the greatest or maximum speed, the work destroyed by 
the resistance being now exactly equal to the power exerted 
by the locomotive engine. The same may be said of all 
other machines ; and it is on this principle that the follow- 
ing investigations are made. 

255. By Art. 248, the friction on a horizontal plane is 
— , or the «th part of the weight w of the carriage or train ; 

1 . . . 

— being the coeflScient of firiction ; therefore the whole resist- 

. , to 

ance to motion on the plane is also = -. Let p = power 

n 

or units of work required to move the train, «= space in feet 
moved over in the time t in minutes, and h 9 number of 
horse-powers in P ; then p =s 33,000 h = units of work 

or pounds moved one foot in one minute, and -7= feet moved 

W to 8 

in one minute by the weight - , whence - x - = units of work 
required in moving the carriage or train ; 

.•.p=33,000h=-X7; 

n t 

W 8 

whence h = (a) 

33,000 «^ ^^ 

In railway calculations of this kind w and 8 are usually 
given in tons and miles, which are to be reduced to pounds 
and feet by multiplying them respectively by 2240 and 6280 ; 
also n is most commonly = 280 ; if, therefore, we substitute 
2240 w for «;, 5280 s for s, and 280 for », in equa. (a), we 
shall have after reduction, 
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very nearlf (i) 



(2) 



(3) 



(*) 





128 ws 
^" 100^ 


6ws 

4tt 


whence 

ATir 


4h^ 

53 
4iKt 

6w 

5W8 





4h 



in which equations w ss weight in tons, and s =s space or 
distance in miles. 

jE2r. 1. — ^Eequired the horse-power (h) of a locomotire 
engine, which moves with a st^y speed of 50 miles per 
hour, on a level railway, the weight of the train being 45 
tons, and the friction ^4^ of the weight of the train, the 
resistance of the air not being considered. 

By eqna. (1), 

6ws 5x45x50 ^^ . 
H = -7—- = — - — —r— = 47 horse-powers. 
4it 4 X 60 ^ 

JSa. 2. — An engine of 40 h moves with a steady speed of 
35 miles per hour on a level railway ; required the weight 
of the tram, the friction being as usual. 

By equa. (2), 

4h^ 4x40x60 ^.^^ 

w = —— = — - — —— = 644 tons. 

5 s 6 X 35 ^ 

JESr. 3. — ^In what time will an engine of 60 h, moving a 
train of 60 tons, complete a distance of 40 miles ? 
By equa. (4), 

^ 5ws 5x60x40 ^^ . ,, 
t = -J — = — - — -rr — = 60 mm, = 1 hour. 
4 n 4 X 50 

JEsf, 4. — How many miles per hour will a train of 40 tons 
be drawn by an engine of 35 h P 

By equa. (3), 

4Hf 4x35x60 ^^ ., 

B = -z — = ' — = — 7K — = 42 miles. 
5w 5x40 
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.Sr. 5. — ^If four horses draw a load of 6 tons two miles 

Eer hour, on a road of wluch the oo-effident of friction is -^j^y 
aw many units of work wiU each horse perform ? 
.By. transposing eqna. (a), and putting u instead of 33,000, 
we shall have 

17 = — -— = r;r — -tt — ' =29,568 uuits of work, 

ntTi 20x60x4 ' 

jESr. 6. — ^What must be the effective h of a locomotive 
engine, which moves with a uniform speed of 50 miles per 
hoxir, on a level railway, the weight of the train being 30 
tons, and the friction as usual P Ana. ^1\ h. 

JS^. 7. — In what time will a locomotive engine of 60 h, 
which moves a train of 135 tons, complete a journey of 80 
miles on a level rail P 

JEx. 8. — ^At what rate per hour will a train of 100 tons be 
drawn by an engine of 50 h on a level rail ? 

JSx, 9. — The maTimum s^eed of a locomotive engine oi 
50 H is 40 miles per hour on a level rail ; required the 
weight of the train. 



WOBK IN OVEBCOMINO THE JOINT BESISTANGES OE ITBIC* 
HON AITD OBAVITY ON AN INCLINES BAILWAT OB 

COMMON BOAD. 

256. Let F = power and t(? = weight in pounds of a carriage 
or train, and A = rise of the incHned pkne in every 100 feet 

of its length ; then, by Art. 250, equa. (1), p = ^^ w\ 

and let h, a and t respectively represent the horse-powers, 
space in feet, and tmie required in moving the weight 

— -^ w, as in the last article ; then p = 33,000 H = units 

100^ ^ 

of work in pounds, and - = feet moved in one minute by the 

.,^100 + A« -^ 100 + A» * -x X. 1 

weight — r-^rTT w ; whence —zr^r^ — «? X - = umts of work 

lOU ft 100 fi t 

required in moving the weight, which must be equal to the 

units of work in the power ; , 

««/^,^^ 100 + An a 



, (100 + A«)«w 

^^«''°"' = = 33,000+100 «< 



w 
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Now, let w s weight moFed in tons anii s s q^aoe or 
^ligfam^ moved in miles, as nsoaHj given in railway caJba- 
lations; then 10 =: 2240 w, and <= 5280 s; these valuesbeing 
substituted in equa. (▲), and n being tBkenr=280 as in the 
kst article, there will result, after reduction, 

256 (5 + 14 A) ws (5 + 14 A) ws / 

H = ^ — ' = ^= nearly (i) 

1000^ 4^ . 

whence w= ^^ , ■ -. ■ (2) 

(5+14 A) 8 

_ 4fH 

®'"(5 + 14A)w ^^ 

^ (5 + 14A) w8 ., 

4h 

4f H— 5ws 

and h = — r-: (5) 

14 w s 

Note. — ^In all these equations h must be taken negatiyely, when tiie 
weight or train descends the plane ; in which case gravity assists the 
moving power. It also appears tiiat when h is negative and equal -f^ 
of a foot, then no power is required to move the train ; for the visdue of 
H vanishes^ smce in this case B + lih beoomes=: o^ the train deBoandiDg 
the railway gradient by gravity alone. 

jSSt. 1. — ^A train of 40 tons aac^ids a railwaj gradient, 
rifling 2 feet in 100, with a uniform speed of 15 miles per 
hour ; required the h of the locomotive engine, the Motion 
being as usual. 

By equa. (1), Art. 256, 

_ (5 + 14^) ws _ (5 + 14x2)x40xl5 _ 33x40xl5 

^"" 4it " 4x60 "^4x60 

= 82i horse-powers, 

JEJar. 2. — ^Eequired the H, as in the last example, when the 
weight of the train is 60 tons, the rise 1 ra 200 or J in 100, 
and the rate of motion 30 miles per hour. Ans. 90 H. 

JKr. 3.-^ An engine of 75 h iascends a gradient, rising i 
in 100, with a uniform speed of 20 miles per hour ; required 
the weight of the train. 

By equa. (2), 

4i^H 4x60x75 ^00 X 

^ = /K t 1A T.\ =7^ — Ti — n — :T7T = 58|tons. 
(5 + 14 A) s (5 X 14 X f) X 20 ^ 
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Ex. 4. — ^A train of 120 tons descends a gradient, rising \ 
in 100, with a xmiform speed of 50 miles per hour ; what is 
the K exerted b^ the engine P 

Here h must be negatiye^ because the train descends the 
gradient; henoe. 

By equa. (1), 

(5-14A)sw (5-14xi)x60x620 ^^, 
H= ~ = -^-^ = 374 H. 

JEx. 5. — ^A train of 50 tons ascends a railway gradient, 
haying a rise of 1 in 600 ; what is the speed per hour of the 
engine when its horse-power is 40 P 

By equa. (3) the speed is found to be 26-^^ miles per hour. 

JSx, 6. — ^At what rate per hour will a tram of 50 tons be 
drawn by an engine of 60 h up a gradient rising 1 in 800 ? 

Ex. 7. — ^An engine of 40 h draws a train of 50 tons, with 
a uniform speed of 25^ miles per hour up a gradient ; re- 
quired the rise per cent, of the gradient. 

By equa. (5) the rise of the gradient is found to be nearly 
\ per cent. 

The following arrangement of mechanism is to prevent 
violent collisions of trains on railways, by Lewis Gom" 
pertz, JEsq.y ofKenninffton Oval, (Mechanical Department of 
the Great Exhilntion ^1851.) 

In the annexed engraving is represented merely the lower 
parts of the first and last cscriages of two trains. Eig. 1 is 
the first carriage of the one traiin, and fig. 2 the last of the 
other, the arrangement being such that, by means of the 
curved lever m and the friction-roller t, a violent collision of 
the trains is avoided, fig. 1 tumiii^ off the rails upon the 
adjoining line, though without of itself regaining the line 
from which it is thus driven offl The wheels a, b, o, d of 
fig. 1 are contrived so as to admit of simultaneous horizontal 
rotation, each turning on a long axle above it, in sockets 
B, p, o, H, which are fixed in the bed of the carriage. The 
wheels are compelled to turn parallel to each other by the 
following means : — b is a plate at the bottom of the carriage, 
to which it is only attached by means of the frames e, e, o, h 
of the wheels; each of these frames has an upright pin, 
shown projecting near to e, e, g, and h. The plate b hold- 
ing aU these pins, causes all the wheels to turn alike at the 
same time. In order, then, to cause them to turn when 
required, the curved lever m is attached to the wheel b, and 



SXJP£B-£I£YATION OF EXTERIOR RAIL. 21 S 

projectiiig far before the carriage, the part m being cunred 
one way and the part v the reverse. The last carriage of 
the opposite train has a roller t, on the reverse side to the 
lever m, and supposing these two carriages to meet, the 
roller t will strike the lever m, turning the wheels a, B, c, b 
horizontally, so that the carriage will be lifted off the raals 
and pass laterally to the other rails, it being prevented from 
going too far by the part of the lever K, which turns the 
wheels right again without actually replacing them on the 
rails, a spring l^ing used to keep the wheels steady. This 
plan has only been used in a model of two carriages, but it 
i» judged applicable to a whole train, and as collisions 
frequently take place, not only in meeting, but in over- 
taking, toe shock is consequently less sudden and more 
easily counteracted. It will be readily perceived that only 
the funst carriage of the one train and the last of the 
other need be thus provided; besides, the operation would be 
greatly assisted if the flanges of the wheels of fig. 1 were 
not so large as they are usually made. 



THE SUPEB-ELETATIOK OF THE EXTEBIOB RAIL IK 

BAILWAY CX7BVES. 

257. The super-elevation of the exterior rail, qt the rail on 
the convex side of the line, in railway curves, the radii of 
which are within certain limits, is rendered absolutely 
necessary to counteract the centrifugal force produced by the 
velocity of the train, since all moving bodies nave a tendency 
to continue their motion in a direct line. 'From this cause 
the railway train is impelled towards the exterior rail, and 
would finally leave the rails, were it not prevented by the 

'conical inclination of the tire and the flanges of the wheels. 

258. Peop. — To determine the centrifugal force of a raihoaif 
train, or that portion of the weight of the train, which makes 
it tend to leave the curve. 

Let y= velocity of the train per second, b=7 radius of 
the curve, r=: centrifugal force, and y force of gravity at 
the earth's surface ; also let w = weight of the train ; then, 
by Art. 277, JBaker^a Statics and Dynamics, 

_wv2 
Ex,l, — "When B=i a mile = 2640 feet, v = velocity = 
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30 miles per hour =44 feet per second, and ^szS2i feet 
7 velocity of a body faUbs: from rest, at the end of a 

that is, the force that urges the train to quit the curve is -^\ 
of its whole weight, in this case. 

JSx, 2. — ^When v = 60 miles per hour = 88 feet per 
second, and £ the same as in example 1 ; then, 

wx88* , , 

^ = 32^72640 = ^^"^^^^^' 

that is, the force, in this case, is -^ of the weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in curves of smaU radius. 

259. This great amount of centrifugal force, in curves of 
small radius, would be very much increased by the high 
velocities, which some are sanguine enough to expect as 
likely to be attained on railways ; since this force varies as 

v* 

— or as V2 

B 

for the same curve: thus, for a velocity of 120 miles per 
hour, on a curve of ^ of a mile radius, we shall have 

_ w X 1762 _ ^ 
•^"32^X2640""^^' 

that is, the centrifugal force is, in this case, more ^han i of 
the whole weight of the train ; while for curves of 1 mile * 
radius, which are very common in railways, / = -^ w, or 
nearly -J- of the weight of the train. It must, therefore, be 
evident that a velocity of 120 miles per hour, or eten one 
of 90 miles per hour, must be extremely dfCngerous, espe* 
cially on an embanked curve, should any accident throw the 
train off the line, which is often the case with the present 
velocities. Moreover, the resistance of the air, which varies 
as v', must be considerably augmented by high winds 
opposed to the direction of a train of these great velocities ; 
while its enguie would require a power greatly superior to 
those now in use. 

260. This force, except in curves of very small radius, is 



.- 1 
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iountoncted by the conical inclination of the tire of tlie 
irKeels, each pair of which is firmly fixed on the axle which 
hims with them ; the inclination of the tire is commonly 
ftbout i an inch ia the whole hreadth of the wheel, which is 
Bi inches. This inclination of the tire with the lateral play 
of the flanges of the two wheels of i an inch on each side, 
koid the centrifugal force urging the train towards the exterioiv 
nul, when moviag in .a curve, increase the diameter of the 
outer wheel, and diminish that of the inner one, which causes 
ihe train to roll on conical surfaces, thus necessarily pro- 
ducing a centripetal force to counteract the tendency of the 
i^rain to leave the curve. However, in curves of very small 
radius, the centrifugal force is not sufficiently counteracted 
hy the centripetal force thus generated, the centre of which 
last-named force is the vertex of the cone, of which the 
mcreaaed and diminished diameters of the wheels are sec- 
tions. The amount, therefore, of this centripetal force shall 
be determined in the following — 

261. Peop. — The velocity of the tram, the gatige of the 
fails, th$ mditis of the -wheels, and the inclination of their 
tire being given, to determine the centripetal force generated 
\ly the honical inclination of the tire of the wheels of the train, 
md hy the centrifugal force impelling the train outwards. 

Let J = mean diameter of the wheels of the train, ds 
increment, and consequently the decrement which the dia- 
meters of the exterior and interior wheels respectively 
'receiye, through the conjoined action of the centrifugal force 
and the incliiiation of the tire ; then under these circom- 
Btances the respective diameters of the exterior and interior 
wheels will be 

t?+dand d^h\ 

also, if b' = radius of a circle which the centre of a carriage 
would describe in consequence of the inclioation of the tire 
of the wheels, and h =: breadth of the road or gauge of the 
rails: then B' + i h, and b— J5 are radii which would be 
described respectively by the exterior and interior wheels ; 
and by similar triangles, 

J+a: t?— d:: b' + ^Z^: b' — ^5; 
whence t? : d : : 2 b' : 5, 

and b' = ;7i^. 
2d. 



X 
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. 1 . 

Or. if - = inclination of the tire, and A deviation o£ 
the wheels, then, 

n * 
and, by substitution, 

hdn 



e'= 



Now V and w representing the velocity and weight of 
the train, as in Art. 258, the centripetal force corresponding 
to the radius n' will be 






or, by substituting the value of e', 

4wv2A 
b.d^n • 



p' = 



262. Fbop. — To determine the demotion of the wheels, ani 
the radius of the curve, when the centrifugal and centripetal 
forces, in Art. 258 and 261, ^t^^ balance each other. 

Because the forces r and f' act in contrary directions, 
they will hold each other in equilibrium when they become 
equal, and the train will cease 1x) have a tendency to quit the 
curve ; this will take place when 

wv^ WV2 



or, B = b'. 

Also, by Art. 258 aad 261, 

WV2 4wv2A 
y B h dgn * 

hdn 



whence A = 



4b ' 



which is the deviation requisite to produce an equilibrium 
between the centripetal and centrifugal forces of the train. 
And, since b = b', the vertex of the imaginary cone, of 
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wliicli the increaaed and diminiBhed diameteni of the wheels 
are sections, will coincide with the centre of the cuire, there 
^wHl consequently be no dragging on the wheel on either of 
the rails. 

h d n 

If inE' = r — , rf=:3feet, ft«4 feet 8i inches = 4*7 feet 
4 A I 

= breadth of the narrow gauge, - = -i^^ ^^^ A = y of an inch, 

tlie radius of curvature corresponding to this deviation, when 
the two forces are in equilibrium, will be 

B'=:^=4-7 X3x 7-=-4 X i x-A^ = 888 feet. 

4 A 3 12 

But, since an accidental depression of the exterior rail 
might cause the flange of the wheel to rub the rail on that 
aidey it would be advisable, for the sake of greater safety, to 
limit the value of b' to not less than 1200 or 1500 feet. 
Moreover, in curves of less than 1500 feet radius, it vnll at 
once appear that a super-elevation of the exterior rail will 
be absolutely necessary to counteract the excess of the cen*- 
trifugal above the centripetal force. 

263. Pbop. — To determine the mtper-elevation of the 
exterior rail in railway curves of less than 1200 or 1500 feet 
radius; the same thvngs hemg given as in the preceding 
proposition. 

Let a? = super-elevation of the exterior rail; then, since 
h = breadth of the way, the inclination of the plane on 

which the train moves = t to rad. = 1, and hence the gravity 

of the train vnll impel it to the interior rail with the force 

wo? 

r* 

This force, together with. the centrifugal force, resulting 
&om the deviation of the train to exterior rail of the curve, 
must hold the centrifugal force in equilibrium; therefore, 
firom Articles 258 and 261, there will resttlt 



1"= 



wa? , WY^_ wv^ 
whence a? = — (--*-.]» 
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which is the formula for the super-elevation of the exterior 
rail, and due to Fambaur; who, by solving it for some of 
the usual cases, produces the foUowiog 

TABLE OF THE SUPEBpELEVATIOK TO BE GIVEN TO THE 
EZTEBIOR BAIL IN CUBVES. 



DMignation of tlie Waffou 
andtheWaj. 




Radios of the 

Curro 

in Feet. 


Swer-elcTation to be given to the Bail in 
Inches, the Yelocity of the motion in 
Miles per honr being :— 




10 Miles. 


90 Miles. 


SOMUea. 


Waggon with wheels^ 
3 feet in diameter. 

Gauge of way, 4*7 feet 

Play of the waggons 
on the way, 1 inch. 

Inclination of the tire 
of the wheels, 1 in 7. 


1 


250 

fiOO 
1000 
2000 
3000 
4000 
^000 


114 

0-57 
029 
0-15 
010 
0-07 
0-06 


5-60 
2-83 
1-43 
0-71 
0-47 
0-86 
0-28 


12-99 
6-5 
8-30 
1-65 
1-10 
0-83 

om 

• 



The correctness of the above results is pretty generally con- 
ceded. It must, however, be considered, that it is extremely 
difficult, if not impossible; to realise in practice the precise 
conditions and proportions determined by these important 
formulsB; as accidental depressions and enlargements of 
gauge of part of the rails, as well as many other matters that 
cannot be subjected to calculation, will unavoidably derange 
these results.^ 



CHAPTER X. ' 

ON THE PRODUCTION OP BROWN SALT, GLAZED STONE-WARE AND 
BRISTOL WARE, AS MANUFACTURED AJ MESSRS. SINGER AND 
GREEN'S POTTERY, VAUIHALL. 

(MECHAjnOAL DSFABTKSNT OF THB OBKAT BXHIBITIOir 07 f861.) 

In laying before our readers the manufacture of stone, 
pottery, we will commence from the pit in which the clay is 
dug, and proceed thi^ough its different stages until fit for 
the market. 

264. The best clay for stone-ware is obtained from 
Dorsetshire, and is taken from the same pits as the clay 
used in Staffordshire for fine white and o&er wares; the 
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top stratum of the pit ie a sandf clay, with fine particles of 
gnt, and is nsed to a very large extract for the stone drain 
pipes Bo uniTersally approved in house drainage ; the second 
stratum is a clay of the same quality, only free from sand 
and grit, and is used for general pottery ware by the 
Vauxhall and Lambeth manufacturers. Other cla^a of a 
somewhat similar quality are obtained irom Deronahire, and 
mixed with the Dorsetshire clays in proportions suitable to 
the artidea for which they are required. The clay is dug 
fiom the pits in la^ tmlls, about 301b. in weight, and 
pre sold to the potters 70 balls to the ton, and shipped 
t^hrough the different agents firom Foole. 

No, 1. 



265. When thoroughly dry, the balls are broken and 
passed under ircm-ruwners, as shown in sketch No. I., with 
a bed plate of gratings, to allow the day, as it becomes 
ground sufficienUy smaU, to pass through the openings of 
the gratings. 
' To the upright shaft of the runners are attached two 
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Bcnqrare, projecting as fax as tte rim of the bed plate, the one 
ie continiwlly spreading the clay over the gratings to allow 
the fine clay to paaa through, and the other fbllowi, collect- 
ing the coarser particles, and is so placed as to bring them 
again under the runners. 

The groond clay ia then mixed with water and other 
ingredi^ts.'as mayibe required, by a man working it with 
his feet, and passed through pugmlUs, aa shown ia sketch 
No. 2. 



266. PugmilU are generally formed of iron cylinders, 
some straight, some eiightly tapering, averaging in size 
about 4 ft. high, and 22 in. in diameter. Some are also of 
wood as in the accompanying illustration. 

An upright shafb or axia revolves in the cylinder, from 
which knives radiate in all directiona, somewhat resembling 
the form of a screw, and projecting to within one inch ($ 
the side of the cylinder. 

The clay being put into the mill, is giaduallj compressed, 
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and worked by the knives, which, hein^ placed, as above 
described, in the form of a screw, press it to the bottom of 
the mill, and through a small hole, where it is discharged, 
cut off, and placed in a bin appropriate for the pvirpose. 

The clay u then ready for the potter, but before being 
used it iindergoeB a procesB of slapping or wedging, as 
shown on the nght-hand side of sketch No. 3. 



'W'edging consists in tearing or cutting clay into pieces 
by wire, and striking them together again, with a force 
sufficient to make them adhere ; this is repeated twenty or 
thirty times, by which process the clay becomes well inter- 
min^ed; it is then made into balls of a size sufficiently 
large for the article required to be made, and the potter 
works &om the solid lump of day, bottles, jars, &c., as shown 
in sketch No. 3. 

267. There are two kinds of potter" e-tcieeU, one for small 
, goods, where the man generally sits to his work : it consists 
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of an upright iron shaft, the lower point of which tnma in 
a sodcet, and the npp^ is fixed in a broad wooden disc ; 
near the top, the shaft passes through a socket attached to 
the fiame-work of the wheel ; on the shaft are a series of 
speed-pullers, hj which the speed of the shaft can be 
increased or lessened as circumstances require. This shaft 
is driyen hj a fly-wheel, from which an endless belt passes 
to the speed-pulleys, and is tamed generally br a boy. 

268. J^or larger goods the man stands to his work, and 
the wheel is formed, as in sketch No. 8, of a pahr of cog- 
wheels, the one on the perpendicular shaft on which the 
potter forms his goods, the other on a horizontal shaft, on 
which is also a fly-wheel and handle turned }jj a boy. 

As the wheel revolyes, the potter dashes his lump of clay 
on the disc ; he then slips his hands frequently in water to 
allow the clay easily to pass through them, and pressing it 
with both hands, it gradually assumes an irregular conical 
form ; he then presses it flat again, by which operation he 
expelis any air-oubbles that may be in it; the boy then 
lessens the speed of the wheel, and the potter forms his ball 
of clay into the article required. 

269. The yessel is then tidcen to the lathe room, wher^ it 
is allowed to dry gradually, untU it arriyes at a certain 
point called the green state, when it is put upon a lathe, 
the rough outside surface taken off by a sharp tool, and 
afterwaras by a smooth one, formed of a piece of flat steel 
called a burnisher. Figures and handles, &c., are also 
attached to ressels in the green state. 

Being flnished, the articles are then placed on stillions 
round the kilns or oyens, the heat of which eyaporates all 
moisture from them, and leayes them perfectly dry and ready 
for the burning. 

270. Vessels made as aboye described, are all of a round 
shape ; anything out of the round is generally formed in 
moulds made from plaster of Paris. The mould is in two 
halyes, which are filled with cakes of clay and joined together, 
the cakes of clay being made of a thickness sufficient to the 
size of the article ; the plaster absorbs the water from the 
body thus moulded, which shrinks from it, and in half an 
hour after being filled, the two halyes of the mould can be 
taken from the yessel thus formed. 
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THE EltKS. (No. 4.) 



271. The kilns are generally of a circular form, Taiying 
&om9ft. to lift, in diameter, and &om 10ft. to 18 ft. high. 
^She fire holes firom five to eight in numher, accordbg to &e 
size of the kihi pasa through the thickness of the brickwork, 
and are placed at regular ^stances from each other. 



For brown salt glazed stone-ware, the indde of the kiba 
is gcneralif formed of square boxes, made of fire-clay 
lumps, in which small goods are placed ; these boxes are 
bailt up about half the height of the kiln, and the top is 
filled by placing larger goods on each other. 

When filled, the doorway is bricked up, and fire applied 
to the furnaces. 

The heat is gradually increased from the time ofllghting, 
till the ware is found to be properly burnt, when a quantity 
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of ealt u tlirown into tlie top, b^ meaiu of iron cupa attached 
to long handles, aaed for tlie puipoee; tbe salt, being 
emtorated, detxwits iteelf on the exposed body of the ware, 
and gtree it a bright brown appearance. 

The inside, before being put into Ute kOa ia lined with a 
coating of liquid ghwe, prepared from glaea, clay, stone, &c., 
in pioportionH neceflsaiy to the heat to which the goods aire 
burnt, and suitable to the body on whi(^ it has to be placed. 

A 12 ft. kiln can be worked once ereiy week, as it gene- 
rally takes two days fillin g, two days and nights bnming, 
two days cooling, and one Sty emptying. It requires about 
S} tons of cosSb to bnm it, and will nold on an average, 
from 35^ to 45J. worth of frtone-vare ^oods, the contents 
varying in value according to the articles with which it 
may be filled. 

BBIStOI. OZiXSO WABE. 

272. The Bristol glaaed ware, so called from having been 
first manufactured by the Bristol potters, is an article made 
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from the same cl^ sa salt glazed stone-ware, Emd is gene- 
rally preferred througt its being more highly gmed, 
better finished and more pleasing to the eye, and the mode 
of burning is such as to preserve the goods irom being 
damaged hj the Sre, hot being exposed, as in the salt glazed 
kiliia to the direct action of the fire. 

The vessels, when ready for the iSne, are immersed in a 
liquid glaze, and instead of being placed on each other, as 
in the stone-kilns, are burned m close saggers, or boxes 
made of fire-clay, so as to prevent the fiame of the fire 
reaching them. The Iriln (Ko. 5.)> which is cm a somewhat 
Afferent principle to the stone-kiln, is then fired until the 
glaze on the vessels becomes melted. 

During the process of burning, the Tnitn in attendance 
continuJly looks into the kilo, through sight-holes, in order 
to see whether the fires are burning alikcj and tbua keeping 
an equaliljy of -heat through his kiln; when he considers it 
nearfy finished, he draws trials through a "hole in the door- 
way, until he -finds the g|laze m^ted Kod bright, which shows 
him the kiln is finished. 
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